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The following experiments were carried out as part of an investigation 
on burns which is in progress at the Harvard School of Public Health (1-3). 

The toxic theory of burns, although in disfavor at present, has never 
been conclusively disproved and there is still much evidence to support it. 
It was decided to attempt to find some criterion for the toxicity of the 
exudate from burned regions. Friend and Hastings (4) had suggested 
that the oxygen consumption of tissue slices suspended in serum might 
be sensitive to toxic substances present in the serum. A series of experi- 
ments was therefore done comparing the oxygen consumption of rat liver 
slices suspended in lymph or serum from normal calves with that of slices 
from the same liver in lymph or serum collected some time after burning. 

We are not aware of any similar studies on burns. Beecher and Craig 
(5) studied the oxygen consumption of tissues from animals in shock due 
to hemorrhage and found it not significantly different from normal. Their 
purpose was to demonstrate possible changes in the metabolizing tissue, 
while ours is to demonstrate changes in metabolism due to changes in the 
medium. If such changes were the result of the release of substances 
from the injured tissue, it would seem that the lymph collected from the 
burned area would be the best place to demonstrate their presence. 

In our opinion, the results do not indicate the presence of a “‘toxic” 
substance in the above sense. We were inclined to expect the effect, if 
any, to be a decrease in metabolism. Actually a higher oxygen con- 
sumption was observed when lymph collected after burning served as a 
medium than when normal lymph was used. An attempt to obtain some 
information about the nature of the substance or substances responsible 
for this increase in metabolism was possible only in the last three experi- 
ments. In the earlier experiments most of the lymph was used for analy- 
ses of some of the nitrogenous constituents (2) and for electrophoretic 
studies (3). 

EXPERIMENTAL 

Calves weighing between 125 and 200 pounds were used. A single ex- 

periment on a dog is also included. All animals were kept under complete 
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anesthesia with nembutal, and those which did not die from the burns 
were sacrificed at the end of the experiment. Details of the general pro- 
cedure for lymph collection from calves, length and method of burning, etc., 
have been published elsewhere (2). To facilitate comparison with other 
observations on the same animals, the calves are numbered as in previous 
publications (2,3). In all cases lymph was collected from both front legs 
without anticoagulant for some hours; then one leg was burned by immer- 
sion in boiling water for 3 to 3} minutes.' Lymph collection was continued 
over a period of from 10 to 22 hours. Blood was drawn from the jugular 
vein just before the burn and at the end of the experiment. Calf 10 died 
before a final blood sample was secured. 

The oxygen consumption was measured by the direct Warburg technique. 
The serum and lymph were freed from carbon dioxide by the method of 
Friend and Hastings (4). The pH was adjusted to between 7.2 and 7.4, 
the two samples to be compared not differing more than 0.1 pH, and the 
pH was again checked at the end of the experiment. 2 cc. samples and 
0.1 cc. of 4 per cent glucose were placed in each of the vessels of the Erlen- 
meyer type. Slices of liver from healthy, well fed rats were then intro- 
duced into the vessels after first being washed in Ringer-phosphate solu- 
tion (6). The determinations were made in duplicate. A vessel con- 
taining the serum or lymph without added tissue was set up simultaneously 
to exclude the possibility that bacterial contamination was responsible 
for part of the oxygen consumption. The temperature of the bath was37°. 

The amount of lymph that could be secured during an experiment was 
so small that, even in the experiments in which all the lymph was available 
and the effect produced was large enough to warrant fractionations, meth- 
ods had to be such that they could be employed on a small scale. This was 
especially true of the normal lymph, which had to be carried through the 
same procedures as the control. The preliminary period of collecting was 
3 to 4 hours and it was inadvisable to extend it much, particularly because 
of the danger of coagulation in the lymph vessel when no anticoagulant 
was used. 

Ultrafiltrates were made from the lymph after the carbon dioxide had 
been removed and the pH adjusted to 7.4. Visking tubing and an ultrafil- 
tration tube similar to that described by Coolidge (7) were used. The 
ultrafiltrates were always more alkaline, and acid was added to adjust the 
pH to 7.4. 

In the last experiment 5 cc. of ultrafiltrate, made acid with 1 cc. of 


1 In most cases, for reasons not connected with this paper, one more burn (some- 
times two) was inflicted elsewhere from 1 to 4 hours later. This apparently had no 
effect on the results with lymph from the leg first burned, but might influence the 
results with serum. 
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1 m phosphoric acid, were subjected to continuous extraction for 3 hours 
with 40 ec. of peroxide-free ether, the ether being refluxed and made to flow 
through the solution. The ether was evaporated in a stream of nitrogen, 
and the extract dissolved in 5 ec. of Ringer-phosphate solution and neu- 
tralized with sodium hydroxide to pH 7.4. The extracted solution was 
neutralized with solid calcium carbonate, the carbon dioxide removed with 
nitrogen, and the calcium phosphate centrifuged off. 

Mercurie acetate precipitation was carried out on samples of the same 
ultrafiltrates by adding 1 cc. of 20 per cent mercuric acetate to 5 cc. of 
ultrafiltrate. The precipitate was separated by centrifugation, washed 
with water, and suspended in 4.5 ce. of Ringer-phosphate solution. The 
mercury was removed with hydrogen sulfide, the hydrogen sulfide with a 
stream of nitrogen, and the mercuric sulfide filtrate was adjusted topH 7.4 
with sodium hydroxide. The supernatant was treated in the same way; 
it was roughly 0.13 m with respect to acetate and the volume was increased 
from 5 to 7 ce. 


Result of Experiments with Lymph and Serum 


The results are summarized in Table I. In six out of nine experiments 
the rat liver slices show a higher oxygen consumption in the lymph taken 
some time after the burn than in the normal lymph, and this difference is 
definitely outside the experimental error. In three experiments the increase 
is not in itself significant, but the fact that the Qo, in the lymph after the 
burn is in no case below normal lends further support to the findings 
in the other experiments. The experiments on Calves 10 and 13 show that 
the effect increases with time. Whether the effect might diminish later 
was not determined. Calf 9 was the only animal kept under observation 
for more than 22 hours and in this case the effect was so small that measure- 
ments were discontinued. 

The results with serum are a little less consistent but here, too, the 
tendency is towards a higher oxygen consumption in the serum taken 
after the burn. The experiment on Calf 13 shows the variations found 
when livers from different rats were used with the same sera. The effects 
observed with three livers are very similar and indicate that the variations 
in the responses found with different animals were not due to differences 
in the rat livers. 

In order to be certain that the increase in oxygen consumption caused 
by lymph from burned regions in calves was not a species phenomenon but 
was found in the exudate from burns in other mammals, a dog was anesthe- 
tized with nembutal, just as in the case of the calves, and all the lymph 
from the hind legs was collected by introducing a cannula into a single 
large vessel at the lower end of the receptaculum chyli. This is an ex- 
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tremely satisfactory method of preparation and gives a copious flow of 
lymph when the legs are kept in passive motion by attachment to a motor- 


TaBLe I 
Oxygen Consumption of Rat Liver Slices in Serum and Lymph from Calves before 
and after Burns 




















Fv : Co» lymph YO» serum 
Cal | Time after | consumption - Difference | — ——| Differ. 
i ‘ey determined Normal | After burn Normal — 
“ | ua = eau a 
| "| |e porhr.| mgr parth,| er cont | perms. | fer me [per cm 
1 | 11}-15} Ist hr. | 12.5 16.7 +34 
2nd“ | 11.9 | 16.6 +40 
2 | 14 -18 Ist “ | 15.7 | 19.7 +25 
| 2nd “ | 14.9 20.0 +34 
18 9.6 | 13.1 | +36 
5 | 8-10 ist “ | 10.8 11.2 +4 | 
2nd ‘* 10.8 10.8 0 
| 10 Ist “ 12.2 | 12.9] +6 
2nd “| 8.7 | 12.9 | +48 
| 10 Ist “ | 12.2 | 13.6 | +11 
6 SS St” ae fF 12.7 +25 
2nd ‘‘ 8.2 10.8 +31 8.5 10.2 | +20 
| 18-17* | Ist “ | (10.0) | (10.5) (+5 
| and “ | (8.2) | (9.2) | (+12) 
7 | 1-15} ieee... 9) foe 13.9 +3 
9 | 6-8 ist “ | 10.7 | 11.7 +9 
| 19-22 | Ist “ | 13.9 | 14.9 +7 | 14.3.) 13.9 | -3 
10 | j | Ist , 91 | {%4 +3 
8-13 | Ist \u.1 422 
or eee A - (10.1 +16 
| 8.4 +e 
8 -14 itt 4 | \12.3 +41 | 
12 12 ma je 13.1 13.5 | +3 
9-12 | Ist “ (11.4 +14 
13-17 | Ist “ m0 | \11.9 +19 | 
13 4-6 | ist “ | (10.0 +15 
ses | tf 67 Tine +26 
; a | me" * 12.1 +4] 
22 | Ist ‘ 8.9 | 9.9 | +11 
22 Ist “ 11.6 | 12.3 | +6 
22 Ist “ 9.7 | 10.8 | +11 


Braces indicate that the determinations were made simultaneously on the same 
liver. This is also indicated for the determinations on lymph and serum when the 


results are on the same line. 
* The second experiment was done on the same samples as the first but both were 


diluted 1:4 with Ringer-phosphate solution. 





driven crank just as was done in the experiments upon calves. After a 
sufficient amount of lymph was collected, the animal was burned under 
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anesthesia by immersion of the legs and tail in water at 100° for 1 minute. 
This amount of time results in a more severe burn in the dog than does 
the longer period with the calves. The dog survived for 4 hours and the 
lymph collected from the burned region during the last hour was even more 
potent than calf lymph obtained in a similar way in augmenting oxygen 
utilization. (Qo,, ¢.mm. per mg. per hour, normal lymph 6.6, lymph after 
burning 10.1, increase 53 per cent.) 

In a control experiment on a calf kept under nembutal anesthesia for 
24 hours and treated exactly as were the other animals except that the 
burn was omitted, the following values for the Qo, were found: in lymph 
taken during the first 4 hours 9.7 ¢.mm. per mg. per hour, in lymph taken 
during the last 4 hours 9.8 c.mm. per mg. per hour. 

Another possible source of error was realized after the experiment on 
Calf 11. Blood pressure was measured intermittently during the experi- 
ment from the carotid artery which was connected with a manometer 
through a tube filled with 10 per cent sodium citrate. Citrate added to 
the medium is known to cause a slight increase in the oxygen consumption 
of rat liver slices (8). In the last two experiments heparin was therefore 
used to prevent coagulation in the tube. The results show that citrate 
which might inadvertently have entered the circulation was not responsible 
for the effect. A direct experiment on the serum before and after the 
injection of a dose of citrate much larger than the amount which could 
possibly have leaked back into the animal during the course of the experi- 
ment was negative. 

The average Qo, in normal lymph is 11.3 e.mm. per mg. per hour; in 
normal serum it is 11.4 ¢.mm. per mg. per hour. This is higher than the 
Qo, usually found when Ringer-phosphate solution is used as the medium; 
an average Qo, of 9.5 c.mm. per mg. per hour was found by the same experi- 
menter in a similar series (6). It is somewhat lower than the results re- 
ported by Friend and Hastings (4) who found an average of 12.5 c.mm. 
per mg. per hour for rat liver slices in normal human serum. Dickens 
and Simer (9) found less of a difference between serum and Ringer’s 
solution. Canzanelli, Rogers, Dwyer, and Rapport (10) found that the 
Qo, for guinea pig liver in horse serum was more than twice as great as in 
‘““NaCl-Sérensen-PO,” solution. These results are not quite comparable 
with ours, since the species and the medium were not the same. 


DISCUSSION 


Many different substances are known to increase the Qo, of rat liver 
slices in Ringer-phosphate solution when no other substrate is present. 
Some experiments have been reported on the effect of the addition of other 
substrates when there is already an ample supply of glucose. Often the 
effect is more pronounced when the liver of a fasted rat is used (see e.g. 
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(8, 11, 12)). Since the addition of glucose to the medium in which normal 
liver slices are respiring has very little effect on the oxygen consumption, 
it can probably be assumed that substrates which increase the metabolism 
of normal liver slices would have the same effect whether or not glucose 
is present. 

As already pointed out, normal serum and lymph contain some sub- 
stances which increase the oxygen consumption of liver slices. Canzanelli 
et al. (10) found that in normal serum most, if not all, of the increase 
was due to substances present in the ultrafiltrate. Table II shows that the 
same is true for both normal lymph and lvmph after burning, which means 


TaBLe II 
Qo, of Rat Liver Slices in Lymph after Different Treatments 




















| 


h Q 
Calt | Time 7 . 
No. after | . . 
burn Normal Lymph Ringer’s 
lymph after burn! solution 
c.mm. c.mm. | c.mm. 
Ars. | per mg per mg. | per mg. 
| per hr. perhr. | per hr. 
il 8-14 | Ultrafiltrate from 13.2 19.4 
lymph 
13 | 17-21 | Ultrafiltrate from 9.6 10.9 5.8 
lymph | 
| Ultrafiltrate after ether | Extract ( 8.5 8.5 6.4 
| extraction | Residue 1 7.5 8.8 
| Ultrafiltrate after pptn._ Ppt. f 9.2 11.1 8.3 
with mercuric acetate) Supernatant (11.2 13.9 11.1 
Whole lymph, liver | No glucose { 7.2 8.8 8.1 
| from fasted rat With glucose 7.1 9.9 8.2 








Each set of results enclosed in a brace was obtained simultaneously on liver 
slices from a single animal. 


that not only the substance from normal lymph but also that present in 
the lymph from the burned leg is ultrafiltrable. 

In order to decide whether the increase observed after burning is due 
to an increase in the amount of substances already present or to the release 
of some substances not normally present in the circulation, it will be neces- 
sary to effect at least partial separation of these substances. The very 
extensive literature on tissue metabolism offers very little help in devising 
methods of separation, because such a large variety of compounds has 
been found to influence the metabolism. Therefore, in a first attempt to 
concentrate the active material, reagents which would remove a large 
number of organic compounds were used. The scarcity of available 
material seriously limited the choice of methods. Furthermore it was de- 
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sirable to use reagents that could be removed in such a way that both the 
material isolated from the ultrafiltrate and the residue could be tested 
for their effect on liver slices. 

Ether extraction was first tried. The procedure is given in the experi- 
mental part and the results in Table II. Both this and the following 
are single experiments and, therefore, should not be given too much weight. 
Apparently most of the substances responsible for the difference between 
oxygen consumption in normal lymph and in Ringer-phosphate solution 
are extracted by ether from acid solution. The effect of the ether extract 
from lymph after burning is the same as that of the ether extract from 
normal lymph. The difference between the oxygen consumption in ultra- 
filtrate from lymph before and after burning is still present in the residues 
after the ether-soluble substances have been removed; i.e., the active 
material released after burning cannot be extracted with ether under these 
conditions, while most of the active material normally present can be 
extracted. 

Mercuric acetate was used next because of the large variety of biological 
materials precipitated by mercury. The results, recorded in Table II, 
are not as clear cut as those in the previous experiment and might indicate 
the presence of several active substances. The Ringer-phosphate solution 
in this experiment was subjected to the same treatment as the ultrafiltrate 
and the high values for Qo, in the supernatant fluids are probably due to 
the high concentration of acetate (0.13 m) (12). 

The experiment in which the liver from a fasted rat with and without 
added glucose is employed points to the presence of an activator rather 
than a substrate. Even without added glucose the concentration at the 
end of the experiment was 0.005 m glucose; with addition it was 0.015 m. 
It seems unlikely that a substrate should have more of an effect when the 
concentration of glucose is increased. 

The last experiment incidentally showed that the active material is quite 
stable. The lymph was sterilized by filtration through a Seitz filter 
shortly after it was collected and was then stored in an ordinary refrigerator. 
After 1 week, the time elapsed between this experiment and the first (see 
Table I), there was no detectable decrease in the activity. The first 
experiment showed 41 per cent increase, the last, with glucose, 39 per cent 
increase. 

The finding of a substance in lymph from severe burns which increases 
oxygen consumption of rat liver slices, together with the few indications 
we have gained as to the nature of the compounds involved, tempts one 
toward attractive series of generalizations relative to inflammation. It 
is, however, our feeling that while the facts we have reported are quite 
definite other experiments should be done before they are given general 
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biological significance. Experiments on the effect of lymph from burned 
areas on muscle metabolism are now being undertaken. 


SUMMARY 


Lymph was collected from the legs of calves under nembutal anesthesia 
before and after burning by immersion in boiling water for 3 to 3} minutes 
as previously described. 

The oxygen consumption of rat liver slices was measured with the lymph 
as the medium. It was found that lymph coming from a burned area 
contained some substance or substances which caused an increase in the 
Qo,- The effect increased with time. The Qo, in lymph after burning was 
as much as 41 per cent higher than that in normal lymph. 

Less consistent results were obtained with serum collected before and 
after burning, but here too the tendency was towards a higher oxygen 
consumption in the serum after burning. 

A similar experiment on the lymph from a dog showed even more of an 
increase in the Qo, than did the experiments on calves. 

The material which caused the increase in oxygen consumption was 
found to be present in the ultrafiltrate from the lymph after burning. 

A few attempts to concentrate the active material are recorded. 


It is a pleasure to express our thanks to Dr. Cecil K. Drinker for making 
possible this work and for extending the hospitality of his laboratory. 
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THE MANNER OF INACTIVATION OF THIAMINE BY 
FISH TISSUE 
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(From the Laboratories of The Rockefeller Institute for Medical Research, New York) 


(Received for publication, October 20, 1943) 


After the discovery by Green, Carlson, and Evans (1) that a disease of 
foxes caused by feeding raw carp could be prevented or cured by thiamine, 
and the demonstration in this laboratory (2) and elsewhere (3) that carp 
contained a heat-labile substance which would inactivate thiamine in 
vitro, it was of interest to determine in what manner this destruction was 
accomplished. It was desired to learn in particular whether thiamine 
was inactivated by combination with a specific protein in a manner similar 
to the inactivation of biotin by antibiotin (avidin) (4, 5), or whether it was 
destroyed by enzymic action. The combination hypothesis was not easy 
to disprove, for, although the reaction was not instantaneous (2, 3), it was 
conceivable that combination might proceed slowly. Several characteris- 
tics of enzymic action other than finite speed (such as heat inactivation) 
could also be characteristics of the stoichiometric combination reaction. 
Nevertheless, Sealock et al. (6) have presented evidence based on kinetic 
studies in support of the enzyme hypothesis. 

The enzymic nature of the inactivation of thiamine by carp tissue was 
proved by demonstration of fragments produced from thiamine by the 
action of the tissue. These products have been identified as 4-methyl-5- 
hydroxyethylthiazole and 2-methyl-4-amino-5-hydroxymethylpyrimidine. 
Thus the over-all reaction was a hydrolytic cleavage of the vitamin between 
the pyrimidine and thiazole rings. 

The demonstration of the products of reaction was first accomplished 
microbiologically. Although NaCl extracts of carp viscera completely 
destroyed thiamine, as measured by animal assay or by chemical determina- 
tion (1-3), they did not cause any loss of potency of thiamine when the assay 
was made with Mucor ramannianus, a mold which required thiamine or 
merely its thiazole portion! for growth (7). Furthermore, dialysates of a 
reaction mixture of thiamine and fish extract, in which all thiamine had 


* With the technical assistance of A. G. C. White. 

1 Throughout this paper, the ‘‘thiazole portion’’ of thiamine refers to 4-methyl-5- 
hydroxyethylthiazole, and the ‘‘pyrimidine portion’’ refers to 2-methyl-4-amino-5- 
hydroxymethylpyrimidine. We wish to thank Dr. J. C. Keresztesy and Dr. R. T. 
Major, of Merck and Company, Inc., for gifts of several thiazoles and pyrimidines 
used in this investigation. 
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been destroyed, were as potent as the original thiamine when tested with 
this mold. These facts indicated that 4-methyl-5-hydroxyethylthiazole 
was a product of the reaction. This was confirmed by isolation and char- 
acterization of the pure thiazole from the reaction mixture. When thi- 
amine-free reaction mixtures obtained from carp extract and thiamine 
were tested with Endomyces vernalis, a yeast which required thiamine or 
merely its pyrimidine portion for growth (2, 8), it was found that only a 
small fraction of the activity of the original thiamine remained. However, 
when similar reaction mixtures obtained by the use of carp tissue, rather 
than carp extract, were assayed by this method, all the activity of the 
original vitamin was found present. From such reaction mixtures, 
2-methyl-4-amino-5-hydroxymethylpyrimidine was isolated and _ char- 
acterized. 

The difference in action of carp tissue and of NaCl extracts of the tissue, 
referred to above, indicated that a series of reactions may have been in- 
volved. The primary reaction would be the liberation of the thiazole 
portion of the vitamin and the formation of a pyrimidine derivative which 
was only slightly active for Endomyces. Then a substance present in the 
tissue, but almost absent from the NaCl extract, would convert this inter- 
mediate to 2-methyl-4-amino-5-hydroxymethylpyrimidine. There were 
alternative explanations of the observed difference, but support was lent to 
the present hypothesis by the observations that various batches of extract 
of equal thiamine-destroying potency produced varying amounts of the 
pyrimidine active for Endomyces, and that thiamine-free mixtures of NaCl 
extracts and thiamine slowly increased in potency for Endomyces when 
they stood for long periods. Finally, treatment of the reaction mixture of 
extract and vitamin with alkali brought about full restoration of activity 
for Endomyces. 4-Methyl-5-hydroxyethylthiazole was isolated from the 
reaction mixture of carp tissue and thiamine, as well as from the reaction 
mixture obtained with the extract; hence, the free thiazole was produced in 
the primary reaction. 

The thiamine-destroying activity of NaCl extracts of carp tissue resided 
in two fractions, one dialyzable and the other non-dialyzable. Either 
fraction alone had some slight activity against thiamine, but the two to- 
gether were necessary for full activity. Certain other characteristics of the 
reaction supplementing those recently reported by Sealock et al. (6) will be 
described in the experimental part. | 





EXPERIMENTAL | 


Chemical Method—A series of centrifuge tubes, each containing 50 y 
of thiamine, enough water to make 20 cc., and a suitable dilution of sus- 
pensions or extracts of carp viscera, was incubated for 1 hour at 25°. | 
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The solutions were then acidified to pH 2 to 3 and treated with Super 
Filtrol. Thiamine was then determined in the Super Filtrol adsorbates, 
according to Emmett et al. (9). The latter method was modified to include 
extraction of the colored derivative with xylene. Subtraction of the num- 
ber of micrograms of thiamine found from 50 gave the amount destroyed 
by the preparation. A curve was constructed which related the thiamine 
destroyed to the quantity of fish preparation used, and the amount of 
preparation which destroyed 25 y of thiamine was determined. This. 
amount was said to contain 1 unit of activity. 

Endomyces M ethod—After the reaction of thiamine with the fish prepara- 
tion, the material was assayed according to directions given previously 
(2, 8). 

Mucor Method—The assay was conducted in the same way as with 
Endomyces (2, 8), except that the inoculum was a suspension of spores 
washed from a culture of Mucor ramannianus grown on an agar slant. 
The culture for the inoculum was grown for a month on 5 cc. of the basal 
medium solidified with agar. 5 cc. of spore suspension were obtained from 
5 ec. of solid medium. The spores were washed three times with sterile 
water. The inoculated flasks were incubated for 10 days at 25° and then 
the mycelium in each was filtered off, washed, dried, and weighed. The 
weights so obtained from flasks containing known amounts of thiamine 
were used to construct a standard curve, and the values of the unknowns 
were estimated in the usual manner. 

Unless otherwise stated, all determinations of thiamine were performed 
according to the chemical method. 

Preparation of Carp Extract—Since it was shown previously (2, 3, 6) 
that most of the thiamine-destroying activity was in the viscera, this source 
was used in preference to the whole fish. The viscera were removed imme- 
diately after the fish were killed and were used at once. 1 gm. of viscera 
destroyed about 1 mg. of thiamine in 1 hour, but did not destroy appre- 
ciably more during 24 hours of incubation. 

The viscera were ground with 2 volumes of a 10 per cent solution of NaCl 
in a Waring blendor and the suspension was allowed to stand overnight at 
4°. It was then filtered through a pad of Filter-Cel. This operation was 
slow and hence was carried out in a cold room. The clear extract was then 
assayed and stored at 4°. The preparation was stable for at least a month. 
The thiamine-destroying potency of graded amounts of such an extract is 
shown in Table I. 

Effect of Temperature, pH, and Time of Incubation—The amount of 
thiamine destroyed was increased as the temperature was raised from 0° 
to 37°, but the temperature coefficient over the range was small (Table IT). 
Likewise, the amount of thiamine destroyed was influenced but little by 
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changes in pH over the range 1 to 8 (Table II). The amount destroyed 
was increased slightly as the pH was raised. It was shown that part of the 
lowered activity at pH 1 was due to the instability of the enzyme at that 
pH. The pH range above 8 could not be investigated because of the insta- 
bility of thiamine in alkaline solution. 

The amount of thiamine destroyed by a given amount of carp extract 
increased regularly with the time of reaction for approximately the first 


S TABLE I 
Destruction of Thiamine by Varying Amounts of Carp Extract 
Each reaction mixture contained@originally 50 y of thiamine. 








Carp extract Thiamine destroyed 

ce. ¥ 
0 0 
0.05 6 
0.1 16 
0.3 23 
0.5 32 
1.0 50 





TaBLe II 
Effect of Temperature, pH, and Time on Destruction of Thiamine by Carp Extract 


Each reaction mixture contained originally 50 y of thiamine. 





Effect of temperature Effect of pH Rate of destruction 








Thiamine Thiamine T: foe al Thiamine 
Temperature destroyed pH destroyed Time of reaction | destroyed 
— \-—— eS — | - — | ——_—_____—_- 
. | Y 7 mit. 7 
0 21 1 12 | 0 12 
25 25 | 4.4 23 5 24 
30 | 27 | 5 27 Bivvnd 30 
37 33 6 38 30 32 
7 47 60 32 
8 50 120 32 





quarter hour. Following this, no more of the vitamin was destroyed. 
Data to illustrate this point are shown in Table II. The same cessation 
of the reaction after about the lst hour was likewise observed when sus- 
pensions of carp viscera were used in place of the extract. This phenome- 
non was not explainable by the inhibitory effect of the products of reaction, 
for although these products did inhibit the reaction the effect was not 
marked. Thus, when an extract which would destroy 46 y of thiamine in 1 
hour was incubated with 400 y of either of the reaction products (7.e., 
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2-methyl-4-amino-5-ethoxymethylpyrimidine and 4-methyl-5-hydroxy- 
ethylthiazole) or the two together for 1 hour, it was found subsequently to 
destroy 41 y of thiamine in 1 hour. 

Demonstration of Enzymic Nature of Reaction by Recognition of Reaction 
Products—The formation of a dialyzable fragment of the thiamine molecule 
during the reaction was demonstrated in the following manner. 10 ce. 
of carp extract were allowed to react with 500 y of thiamine for 1 hour. 
The absence of thiamine in the reaction mixture was demonstrated by the 
chemical assay, but no loss of thiamine was detected by the Mucor test. 
The reaction mixture was then dialyzed against 100 cc. of water for 20 hours. 











Taste III 
Thiamine-Destroying Potency of Fractions of Carp Extract 
Carp extract Amount used* Thiamine destroyedt 
ce. y 
Extract 1 50 
0.5 32 
Non-dialyzable portion of extract 2.0 22 
1.0 18 
0.5 12 
Dialysate of extract 2.0 6 
1.0 5 
0.5 3 
Dialysate + non-dialyzable portion of 2.0 + 2.0 47 
extract 1.0 + 1.0 46 
0.5 + 0.5 30 
Boiled extract 1.0 2 
Non-dialyzable portion + boiled extract 1.0 + 1.0 42 
1.0 + 0.5 31 





* The volumes of the non-dialyzable portion and the dialysate were adjusted to 
correspond with the original volume of the carp extract. 


+t Each reaction mixture contained originally 50 y of thiamine. 





The dialysate was then analyzed by the Mucor method, and found to con- 
tain 90 per cent of the thiamine activity started with. It was subse- 
quently shown by isolation and characterization that the Mucor-active 
substance formed was 4-methyl-5-hydroxyethylthiazole (see below). 
Partition of Enzyme by Dialysis—Carp extract, which would destroy 64 y 
of thiamine per cc. of extract under the test conditions, was dialyzed against 
eight changes of distilled water, and the dialyzable and non-dialyzable 
fractions were tested for thiamine-destroying potency. The results are 
shown in Table III. It can be seen that either fraction alone had slight 
activity against thiamine, but that, when the two were combined, the 
original activity of the extract was regained. Exhaustive dialysis of carp 
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extracts against running water for 48 hours did not completely inactivate 
them. Residual activity amounting to about 10 per cent of the original 
always remained after exhaustive dialysis. 

The dialyzable component was heat-stable, while the non-dialyzable 
part was heat-labile. Thus, when heated dialysate or heated. carp extract 
was added to the non-dialyzable fraction, activity was regained, while, 
when a heated non-dialyzable fraction was added to the dialysate, no 
activity was generated. The heating in these experiments was done 
at 100° for 15 minutes. 

Isolation and Identification of Products of Reaction. 4-Methyl-5-hydroxy- 
ethylthiazole—The isolation of this component of the reaction products was 
accomplished with the aid of the Mucor assay which was used to guide the 
operations. 2.5 liters of carp extract and 1 gm. of thiamine were mixed 
and allowed to stand overnight at 4°. The pH was maintained above 7 
with NaHCO;. The solution, which was then free of thiamine, was con- 
centrated under reduced pressure until NaCl began to crystallize, and was 
then treated with 4 volumes of alcohol. The precipitate was filtered off 
and washed with alcohol, and the filtrate was concentrated under reduced 
pressure toa sirup. This sirup was taken up in a small amount of alcohol, 
and the insoluble matter was removed. The extract was freed of alcohol 
and taken up in a small amount of water, made alkaline with ammonia, 
and extracted three times with chloroform. The chloroform was removed 
from the extract under reduced pressure and the pale yellow liquid which 
remained was dissolved in a small amount of absolute ethanol and treated 
with excess alcoholic picric acid. The crystals which formed were filtered 
off and recrystallized, m.p.? 156-158°. Synthetic 4-methyl-5-hydroxy- 
ethylthiazole picrate in the same bath melted at 156-158°. The yield was 
930 mg. (82 per cent of theory). 

The free base was regenerated and the chloroplatinate was prepared from 
it, m.p. 172-175°. Authentic 4-methyl-5-hydroxyethylthiazole chloro- 
platinate in the same bath melted at 172-175°. 


Cy2H2902N282PtCl.. Calculated. Cc 20.7, H 2.87, Pt 28.0 
Found. " Tt, pan we 


The flavianate was prepared and found to melt at 188-191°, with de- 
composition. An authentic sample melted at 190—192°, with decomposi- 
tion, in the same bath. Mixture of each of the three derivatives with the 
appropriate authentic specimen resulted in no depression of the melting 
points. 

2-Methyl-4-amino-5-hydroxymethylpyrimidine—The Endomyces method 
was used throughout the following fractionation scheme to guide the opera- 


* All melting points recorded in this paper were uncorrected. 
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tions. For reasons which will appear below, a suspension of carp viscera 
was used in preference to carp extract. 

900 gm. of carp viscera and 400 cc. of water were thoroughly mixed in 
a Waring blendor, and to the mixture was added 1 gm. of thiamine. The 
mixture was allowed to stand overnight at 4°, and was then found to be free 
of thiamine. 97 per cent of the original thiamine activity for Endomyces 
was present, however. 5 liters of alcohol were added, and the precipitate 
was filtered off and washed with alcohol. The filtrate and washings were 
concentrated under reduced pressure to a sirup which was dissolved in 1 
liter of water, made to pH 9 with barium hydroxide, and filtered. This 
alkaline solution was extracted continuously with ether for 24 hours. 
4-Methyl-5-hydroxyethylthiazole picrate, m.p. 156-158°, was isolated 
from the ether extract. The residual aqueous solution was concentrated 
to 400 cc. under reduced pressure and mixed with 5 per cent of its volume 
of sulfuric acid, and then with an excess of mercury sulfate in 5 per cent 
sulfuric acid. The precipitate was filtered off, and the filtrate was freed 
of mercury with H,S. The Hg§S filtrate was extracted ten times with 300 cc. 
portions of butanol. The residual aqueous solution was made to pH 9 
with barium hydroxide, and the barium sulfate was filtered off. The fil- 
trate was then extracted ten times with butanol. The alkaline butanol 
extracts were concentrated under reduced pressure to 30 cc., filtered, and 
concentrated to dryness. The residue was dissolved in 20 ec. of water, 
and the solution was extracted continuously with chloroform for 24 hours. 
The extract was freed of solvent under reduced pressure, dissolved in water, 
and decolorized with 50 mg. of norit. The solution so obtained was con- 
centrated under reduced pressure to dryness. This residue was a glass 
which slowly crystallized. The crystals melted at 195°. Andersag and 
Westphal (10) reported the melting point of 2-methyl-4-amino-5-hydroxy- 
methylpyrimidine as 194°. The material was 2.3 times as active as an 
equal weight of thiamine in the Endomyces test and hence was practically 
pure by this criterion, since the molecular weight of thiamine is approxi- 
mately 2.4 times that of the pyrimidine. The yield was 160 mg. (41 per 
cent of theory). 

The hydrochloride was prepared in alcohol and precipitated with ether. 


CsHioON;Cl. Calculated. C 41.1, H 5.71, N 24.0 
Found. ** 41.4, “© 5.55, “* 24.0 


The chloroplatinate was prepared from the hydrochloride. 
Cy2H29O02N 6Pt Cle. Calculated, Cc 20.9, H 2.9; found, Cc 21.3, H 3.1 


Evidence for Stepwise Course of Reaction—Evidence for the formation 
of a compound inactive for Endomyces, but which was converted into 
2-methy1-4-amino-5-hydroxymethylpyrimidine during the course of the 
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reaction, was obtained in the following manner. Although suspensions of 
carp tissue reacted with thiamine to produce a substance (identified above) 
with no detectable loss of thiamine potency for Endomyces, NaCl extracts 
of the tissue caused marked loss of thiamine potency as measured by 
Endomyces. Thus in three separate runs suspensions of carp viscera de- 
stroyed all of the thiamine added, but the reaction mixtures exhibited 97, 
95, and 85 per cent of the original thiamine potency when tested with 
Endomyces. On the other hand, NaCl extracts of carp viscera reacted with 
thiamine to leave only a fraction (varying from 5 to 30 per cent) of the 
original activity for the yeast. 

The following experiments indicated that a biologically inactive deriva- 
tive of the pyrimidine was formed during the destruction of thiamine with 
carp extract. Long incubation of the thiamine-free mixture of extract and 
vitamin resulted in the slow generation of thiamine activity for Endomyces. 


Taste IV 


Rate of Appearance of Thiamine Activity for Endomyces in Thiamine-Free Miztures 
of Carp Extract and Thiamine 








Time of incubation Thiamine activity for Endomyces 
hrs. per cent of original thiamine 
1 25 
6 | 28 
a | . 
192 70 





This fact was illustrated by the data in Table IV. In this experiment, 10 
ec. of extract and 100 y of thiamine were incubated at 4°, and aliquots were 
analyzed at the stated intervals. Furthermore, digestion of the reaction 
mixture with 1 n NaOH regenerated all of the original thiamine potency for 
this organism. The fish tissue probably contained an enzyme (which was 
nearly absent from the extract) which liberated the pyrimidine from this 
intermediate. The slow increase in potency observed with the extract 
would then be due to a trace of this second enzyme in the extract. The 
varying potency of extracts referred to in the previous paragraph would 
likewise be explained by such a hypothesis. 


SUMMARY 


The destruction of thiamine by carp tissue has been shown to be an en- 
zymic reaction by the demonstration of the products of cleavage of the 
thiamine molecule. The reaction was but little affected by changes in pH 
in the range 1 to 8 and by changes in temperature from 0° to 37°. The 
enzyme has been obtained in solution in 10 per cent NaCl in good yield, 
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and has been shown to consist of a heat-labile, non-dialyzable part and a 
heat-stable, dialyzable component. The over-all reaction in carp tissue 
suspensions was the rupture of the vitamin by the addition of water to 
yield 4-methyl-5-hydroxyethylthiazole and 2-methyl-4-amino-5-hydroxy- 
methylpyrimidine. These substances were isolated and characterized. 
Evidence was presented to show that an intermediate compound was formed 
which was transformed into the above pyrimidine in tissue suspensions, 
but only very slowly in NaCl extracts. 


one 


oo» 


BIBLIOGRAPHY 


. Green, R. G., Carlson, W. E., and Evans, C. A., J. Nuir., 21, 243 (1941). 
. Woolley, D. W., J. Biol. Chem., 141, 997 (1941). 
. Spitzer, E. H., Coombes, A. I., Elvehjem, C. A., and Wisnicky, W., Proc. Soc. 


Exp. Biol. and Med., 48, 376 (1941). 


. Eakin, R. E., Snell, E. E., and Williams, R. J., J. Biol. Chem., 140, 535 (1941). 
. Woolley, D. W., and Longsworth, L. G., J. Biol. Chem., 142, 285 (1942). 


6. Sealock, R. R., Livermore, A. H., and Evans, C. A., J. Am. Chem. Soc., 66, 935 


(1943). 


. Schopfer, W. H., Bull. Soc. bot. suisse, 43, 389 (1934). 

. Woolley, D. W., and White, A. G. C., J. Exp. Med., 78, 489 (1943). 

. Emmett, A. D., Peacock, G., and Brown, R. A., J. Biol. Chem., 136, 131 (1940). 
. Andersag, H., and Westphal, K., Ber. chem. Ges., 70, 2035 (1937). 
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Urinary coproporphyrin has been estimated by a variety of methods in 
which fluorometric, colorimetric, and spectroscopic procedures have been 
used (1-4, 6-11). The fluorometric procedure is very sensitive and permits 
detection of minute amounts of porphyrin. Since a procedure adapted 
to the use of a modern fluorophotometer has not been described, we wish 
to present the details of a method which has been in use for several years 
in these laboratories. Most of the procedures used are adaptations of 
those described by Brugsch (1), Fikentscher (4), and Fischer (5). 

In the following discussion it is assumed that coproporphyrin is the only 
porphyrin present in urine which is extracted with ether in the presence of 
acetic acid and in turn is removed completely from the ether by a few 
extractions with 5 per cent hydrochloric acid. This assumption undoubt- 
edly is justified in the great majority of instances but possible exceptions 
should be kept in mind. No provision for hydrolysis of possible conjugates 
(8) of coproporphyrin has been made in the routine procedure. This point 
should receive further investigation. 

A Pfaltz and Bauer fluorophotometer, model A, was used for most of this 
work. A Coleman, model 12, fluorophotometer also was used by one of us 
(S. N.). The results given for Patients 4 to 11 were obtained with this 
instrument. In both instruments a 100 watt General Electric H-4 type 
mercury lamp is used for the exciting light. The incident beam passes 
through the solution contained in a 1 X 4 X 4.5 cm. cuvette in the case of 
the Pfaltz and Bauer instrument and through a ? inch (1.9 em.) test-tube 
in the case of the Coleman instrument. The intensity of the fluorescent 
light which is emitted at right angles to the incident beam is measured by a 
photocell placed appropriately. For this determination the incident light 
was filtered with a Corning Filter 511 of 1 mm. thickness. The maximal 
transmission of this filter is about 410 my. The fluorescent light passed 
through a red filter which cut off sharply radiation below 578 my to filter 
out scattered light. In order to increase the sensitivity a mirror was placed 
behind the cuvette or the test-tube so that fluorescent light which otherwise 
would have been lost was reflected back through the solution of porphyrin 
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onto the photocell. A mask was used over the end of the cuvette which 
received the incident light and also over the side facing the photocell. These 
masks covered the upper part of the cuvette so that the meniscus was not 
illuminated and did not contribute to the fluorescence. The cuvette then 
could be filled without attention to the exact volume as long as the meniscus 
was above the openings in the masks. Without the masks it was necessary 
to use always an exact volume of the porphyrin solution. These precau- 
tions were unnecessary with the test-tube of the Coleman instrument. 


Method 


Collection of Urine—Urine is collected for 24 hours in dark bottles which 
contain toluene as a preservative. It may be kept in a refrigerator for 
several days without appreciable loss of porphyrin. 

Standard'—The stock standard is a solution of coproporphyrin in 5 per 
cent hydrochloric acid which contains 10 y per ml. The working standard 
is obtained by dilution of 0.3 ml. of the stock solution to 100 ml. with 5 
per cent hydrochloric acid. Both standard solutions should be protected 
from light. 

Coproporphyrin for the standard was isolated from the urine of patients 
suffering from hepatic disease and of those suffering from acute porphyria. 
It was crystallized as the methyl ester (6, 12). For preparation of the 
stock standard 1 to 3 mg. of the ester was weighed on a micro balance and 
dissolved in 10 to 20 ml. of 25 per cent hydrochloric acid. When all the 
ester was dissolved, the solution was diluted with water to make the concen- 
tration of acid 5 percent. It then was diluted with 5 per cent hydrochloric 
acid to the volume required to make the concentration of coproporphyrin 
10 y per ml.; 1.086 mg. of the tetramethyl] ester are equivalent to 1 mg. of 
coproporphyrin. 


Procedure 


A 25 ml. aliquot of urine is acidified with 10 ml. of glacial acetic acid and 
then thoroughly shaken with 35 ml. of ethyl ether in a 150 ml. separatory 
funnel. If the amount of porphyrin in the total quantity of urine is known 
to be greater than 100 y, an aliquot which contains not more than 5 7 is 
used and this is diluted to 25 ml. If an emulsion forms, it can be broken 
usually by addition of a few drops more of glacial acetic acid. The two 
layers are separated and the urine is extracted twice more with 35 ml. 


1 Ewing and Cornbleet (3) have used a commercial preparation of hematoporphyrin 
hydrochloride (photodyne) as a standard for the photelometric determination of 
coproporphyrin. Presumably hematoporphyrin could also be used as a fluorometric 
standard once the relation between the fluorescence of hematoporphyrin and copro- 
porphyrin was established. 
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portions of ether. The ether extracts are combined and washed three 
times with 25 ml. portions of water. The combined water washings are 
washed back once with 25 ml. of ether which are added to the other ether 
extracts. The ether solution, which now contains all of the copropor- 
phyrin, is extracted with 5 ml. portions of 5 per cent hydrochloric acid. 
Ordinarily three extractions are sufficient but if the amount of porphyrin 
has been underestimated moré extractions may be necessary. Conse- 
quently a fourth extract is always made and examined in the incident beam 
of the fluorophotometer with Filter 511. If a red fluorescence is observed, 
the extraction is continued until a subsequent extract does not exhibit any 
fluorescence. All of the 5 per cent hydrochloric acid extracts which contain 
porphyrin are combined and the volume is measured, or the solution may 
be diluted to a convenient volume. 

The ether which is dissolved in the extracts does not affect the deter- 
mination but since it increases the volume the final volume must be meas- 
ured. The dilution of the acid which results is not sufficient to affect 
appreciably the intensity of fluorescence of the porphyrin. Although the 
intensity of fluorescence of a porphyrin depends on the acidity of the solu- 
tion, so that it is important to keep the concentration of acid constant for 
standard and unknown, the concentration of 5 per cent of hydrochloric acid 
is sufficiently large that small deviations from this concentration do not 
result in measurable differences in the intensity of fluorescence. 

With the standard solution in the cuvette the intensity of the incident 
light is adjusted by means of the iris diaphragm until the galvanometer 
reading is almost at the maximal position on the scale (20 cm. with the 
instrument used). Then the extract is substituted for the standard and 
the reading taken. The extract is diluted, if necessary, with 5 per cent 
hydrochloric acid until the reading is less than that of the standard. In 
order to determine whether there are substances present which interfere 
with the fluorescence of the porphyrin, a portion of the solution which gave 
a satisfactory reading is diluted further with an equal volume of the 5 per 
cent hydrochloric acid and a reading is taken with this dilution. If the two 
readings are not proportional, there has been interference with the fluores- 
cence and it is necessary to purify the porphyrin as described subsequently. 
A blank reading, taken with the 5 per cent hydrochloric acid in the cuvette, 
is subtracted from all readings. 

Calculation—The relation of the reading and concentration of the 
unknown to the reading and concentration of the standard is that of a 
simple proportion. 

If the 5 per cent hydrochloric acid solution contains more than 5 y of 
porphyrin, the urine residue should be examined further for completeness 
of extraction. It is extracted a fourth time with 35 ml. of ether and the 
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ether is extracted with 5 ml. of 5 per cent hydrochloric acid. The hydro- 
chloric acid extract is examined in the fluorometer. If no red fluorescence 
is observed, it may be concluded that the first three extracts contain all of 
the porphyrin. If there is a red fluorescence, the hydrochloric acid extract 
is neutralized to Congo red with solid sodium acetate and shaken again 
with the ether from which it was derived. The urine residue also is ex- 
tracted further until an acid extract of the ether no longer shows a red 
fluorescence. The combined ether extracts are treated as outlined pre- 
viously. 

With the instruments used as described the readings are directly propor- 
tional to the concentration of porphyrin between 0 and 0.05 y per ml. The 
sensitivity of the instruments is such that readings within this range of 
concentration are adequate. If another type of instrument is used, it may 
be necessary to use greater concentrations of porphyrin. In that case the 
dilution of interfering substances may not be sufficient. If, on dilution, the 
readings are not proportional to the concentration, the porphyrin is purified 
as follows: The 5 per cent hydrochloric acid solution is neutralized to Congo 
red with solid sodium acetate and, if the volume is not more than 50 ml., 
it is extracted as described for urine. If the volume is greater, larger 
amounts of ether may be used. The ether extracts are combined, washed 
with water (which in turn is washed back with ether), and then with 5 per 
cent hydrochloric acid. The acid solution is now usually sufficiently free 
from interfering substances so that a linear relation between readings and 
concentration of porphyrin is obtained. If not, the purification procedure 
is repeated. 

Use of light in the region transmitted by the filter used appears to make 
the method reasonably specific for porphyrin. This conclusion is based on 
the observation that ultraviolet radiation of shorter wave-length usually 
excites an intense white fluorescence in urine. This fluorescence masks that 
of porphyrin unless relatively large amounts of porphyrin are present. Some 
of the material which gives the white fluorescence is carried into the extract 
which contains the porphyrin and interferes with the determination. When 
the usual ultraviolet filter was used, it was observed almost always that 
readings on progressive dilutions of the hydrochloric acid extract were not 
proportional until the concentration became so small that the error in the 
readings became unduly large. The interfering material could be removed 
by further purification but more than one transfer of the porphyrin to ether 
and then to hydrochloric acid was necessary. In the present procedure 
interference from this source has not been observed. The small concen- 
trations of porphyrin also make possible sufficient dilution of the extracts 
so that interference of unknown substances by absorption of incident or of 
fluorescent light is largely eliminated 
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Comment 


Table I contains the data assembled from twenty determinations of 
urinary coproporphyrin with simultaneous recovery experiments. In all, 
twenty-eight such determinations were made. These twenty were chosen 
for presentation to include typical results for normal and pathologic urines 
and to show the extreme deviations (— 14 and +13 per cent) from 100 per 
cent recovery. It is shown also that satisfactory results are obtained when 
the total excretion of porphyrin varies from 6 to 1245 y. The average 
recovery for the twenty-eight experiments was 99.6 per cent. Since the 
electrical supply for the Pfaltz and Bauer fluorophotometer underwent 
sudden and uncontrollable changes of voltage, the readings with this instru- 
ment were subject to an uncertainty estimated to be approximately 5 per 
cent, in spite of check readings of the standard taken just before each 
reading of the unknown. 

Individual specimens of urine may present special problems. If the 
urine contains protein, it may be difficult to break the emulsion. How- 
ever, the usual procedure was applied successfully to the urine of Patient 13, 
which contained hemoglobin. The urine of Patient 18 formed very stable 
emulsions which could be broken only by centrifugation. This urine also 
contained a bright yellow pigment which was ether-soluble and some of 
which went from the ether into the 5 per cent hydrochloric acid extracts. 
This colored material apparently did not interfere with the determination, 
since 95 per cent of added coproporphyrin was recovered. The yellow 
color was eliminated by the procedure described for removal of interfering 
substances and the recovery of added porphyrin was then 97 per cent. The 
lower recovery is given in Table I, since it was obtained by the standard 
procedure. The determination of coproporphyrin was complicated further 
by the presence of another ether-soluble porphyrin which was removed only 
slowly from ether by extraction with 5 per cent hydrochloric acid. A weak 
red fluorescence still was observed in the fifth and sixth hydrochloric acid 
extracts. It was concluded that this fluorescence did not represent copro- 
porphyrin and only the first three hydrochloric acid extracts were used for 
the determination. Even so, the presence of this fluorescent material 
(porphyrin?) resulted in an overestimation of the coproporphyrin. When 
the porphyrin was returned to ether and then to 5 per cent hydrochloric 
acid, a value of 1015 instead of 1245 y was obtained for the total copropor- 
phyrin. Repetition of the entire determination confirmed these values. 

The urine of a patient suffering from porphyria (Patient 20) may also 
present difficulties. Although uroporphyrin, which is characteristic of 
such urines, is not extracted from water by ether and acetic acid, it has been 
observed several times that such an ether extract appeared to contain a 
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Taste I 
Data on Determinations of Urinary Coproporphyrin 
Total | _ Porphyrin | Total 
— “a. | fy = " n are - porph rin Comment 
| urine | | Added | Found | ered 
Th Bat Tae ia. oie 
mil. | mi. Y 7 Dad per cent | 7 
1 360 | 15 | 0.23 | 5.6 | Normal 
| 15 |4.0 | 4.17|3.94| 98 
2 | 660 | 25 | 3.84 | | 101.0 
| 26 | 2.0 | 5.94 12.10} 105 
3 | 700 | 10 | | 0.64 | | 45.0 
| 10 | 3.0 | 3.35} 2.71] 90 
4 2200 | 25 | 0.20 | 17.8 | Normal 
| | 25 | 0.53 | 0.72 | 0.52 | 98 
5 | 1600 | 25 0.34 | ao ” 
| 25 | 0.75 | 1.13 | 0.79 | 105 
6 | 2640) 25 | 0.81 85.5 “ 
| 25 | 0.52 | 1.28) 0.47 | 90 
7 | 1940) 25 1.89 | 147.0 | Alcoholic pellagra 
25 0.94 | 2.95 | 1.06 113 | 
8 | 1490| 25 | 0.41 24.3 | Carcinoma of rectum 
| | 25 | 0.64/ 0.96 | 0.55 | 86 | 
9 | 1280; 25 0.56 | | 28.9 ** stomach 
|} 25 | 1.86 | 2.45) 1.89 | 102 | 
10. | 2430) 25 | 1.03 100.0 | Pulmonary tuberculosis 
25 | 2.55 | 3.55 | 2.52 | 99 
11 | 2380| 25 | 0.78 | 74.7 | Chronic lymphatic leu- 
| 25 | 1.90) 2.61 | 1.83 | 96 | cemia 
12 970 | 15 | 4.06 | | 264.0 | Idiopathic bilirubinemia 
| | 15 | 3.0 | 7.25 | 3.19} 106 
13 | 3200 | 25 | | 3.16 | 406.0 | Anemia of obscure origin; 
25 | 3.0 | 6.42 | 3.26 109 hemoglobinuria 
14 | 1670| 10 | | 3.95 660.0 | Anemia 
| | 10 | 3.0 | 6.85 | 2.90] 97 | 
15 | 1030} 10 | | 2.71 | 279.0 
| | 10 | 3.0 | 5.46] 2.75) 92 | 
16 | 1315) 15 | | 1.08 | | 95.0 | Obstructive jaundice 
| 15 3.0 | 3.85 | 2.77 92 | 
17 | 1425 10 | 2.02 | 288.0 “ " 
| 10 | 3.0 ies 2.93 | 98 | 
18 | 1665 5 3.74 | 1245.0 7 We 
5 | 3.0 |6.55| 2.81) 94 | | 
19 | 2120 | 15 | 1.82 | 258.0 | Cirrhosis of liver 
15 | 3.0 | 4.59) 2.77| 92 | 
2 | SO; 5 | | 2.06 230.0 | Porphyria 
| 5 | 3.0 | 4.99/ 2.93) 98 | | 
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porphyrin which was extracted slowly from the ether with 5 per cent hydro- 
chloric acid and then would not return to ether after neutralization to Congo 
red with sodium acetate. Possibly the ether extracted some porphobilino- 
gen from the urine and this was removed slowly and converted to uropor- 
phyrin by the 5 per cent hydrochloric acid. Whatever the explanation, 
return of the coproporphyrin to ether and then to 5 per cent hydrochloric 
acid again served to eliminate this source of interference. 

It is recognized that satisfactory recovery of a substance added to a 
biologic material such as urine by no means guarantees that the determina- 
tion of the amount of this substance originally present in that material 
is accurate. The simple additive effect on the physical measurement of 
some other related or unrelated substance would not be detected in the 
recovery of added substance. The two instances in the preceding discus- 
sion (Patients 18 and 20) illustrate this situation. The method outlined, 
therefore, should not be used in a purely routine manner but each step in 
the procedure should be watched critically for evidence of interference by 


other substances. 


SUMMARY 


A method for the fluorometric determination of coproporphyrin in urine 
has been described. Two makes of fluorophotometers have been used and 
satisfactory recoveries of added coproporphyrin have been obtained. 
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URINARY EXCRETION PRODUCTS OF ATABRINE 


By JOHN V. SCUDI anv VIOLA C. JELINEK 
(From the Research Laboratories of Merck and Company, Inc., and the Merck 
Institute for Therapeutic Research, Rahway, New Jersey) 
(Received for publication, August 12, 1943) 


Numerous workers have reported that the administration of atabrine 
imparts an intense yellow color and fluorescence to the urine, and, in 
general, this appearance of the urine has been attributed to the presence 
of unchanged atabrine in the specimen. Our experiments indicate that a 
number of acridine derivatives appear in the urine following administration 
of the drug to experimental animals. 


EXPERIMENTAL 


Pooled samples of urine obtained from groups of dogs receiving 10 mg. 
of the drug per kilo of body weight per day, 6 days of each week, were 
fractionated according to the accompanying diagram. The details are as 


Urine 


Organic soluble fraction , 


| 
| | 











Benzene-soluble fraction Isoamy! alcohol-soluble fraction 
| | 
| | | ! 
A B, B, Cc 


follows: Add strong sodium hydroxide solution to 10 liters of urine (pH 
above 9.6). Extract twice with 2.5 liter portions of isoamyl alcohol. The 
alcoholic extract contains, among other things, four basic acridines, tenta- 
tively designated Fractions A, B;, Bz, and C. (Extract the alkaline urine 
residue with two additional 2.5 liter portions of isoamyl alcohol, and 
chromatograph directly for the isolation of Fraction C as described later.) 
Centrifuge the organic soluble extract to break emulsions and discard 
the interfacial solids. Add 20 liters of benzene to the isoamyl alcohol and 
extract the basic acridines'! with 1000, 500, and 500 cc. volumes of 0.5 N 


1 Hydrolytiec cleavage of the basie side chain of atabrine yields the corresponding 
neutral acridone. Since neutral acridine fractions observed by us at various stages 
in this work may have resulted from the manipulative procedures used, we have not 
investigated this fraction. 
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hydrochloric acid. Discard the organic phase. Add alkali to the acidic 
solution (pH above 9.6) and reextract the acridines with two 500 cc. por- 
tions of isoamyl alcohol. Discard the water phase. Add 4 liters of benzene 
to the isoamy! alcohol, and extract the acridines with 200, 100, and 100 ce. 
portions of 0.5 nN hydrochloric acid. Discard the organic phase. 

Wash the acidic solution with two 100 cc. portions of diethyl éther, and 
discard the ether extracts. Add alkali to the aqueous phase to pH 8.4 to 
8.8 and extract the aqueous solution three times with 100 cc. pértions of 
benzene. Increase the pH of the aqueous phase beyond 9.6, and extract 
with a final 100 cc. portion of benzene. The combined extracts constitute 
the benzene-soluble fraction. Extract the residual, strongly alkaline, 
aqueous phase with four 100 cc. portions of isoamy! alcohol. These 
extracts, combined, constitute the zsoamyl alcohol-soluble fraction. 

Extract the benzene-soluble fraction with four 100 cc. portions of 10 per 
cent sodium hydroxide to remove Fraction B;. The residual benzene solu- 
tion retains Fraction A. 

Dry the isoamy] alcohol-soluble fraction with anhydrous sodium sulfate 
and allow it to percolate through a column of Brockmann’s alumina. 
Fraction B, passes into the collecting receptacle, leaving Fraction C ad- 
sorbed. Wash the column with ether and air-dry. Elute Fraction C with 
dilute hydrochloric acid, or preferably with hot water. 

Separations effected with the foregoing procedure indicated that there 
are at least four organic soluble excretion products eliminated by way of 
the urinary system in the dog. To obtain further information concerning 
the nature of these products, each fraction was studied individually as 
follows: ' 

Fraction A—The residual benzene solution, containing Fraction A, pig- 
ments, etc., was dried with sodium sulfate and allowed to percolate through 
a column of alumina 40 to 50 cm. long and 12 mm. in diameter. The 
chromatogram was developed with benzene containing 5 volumes per cent 
of isoamyl alcohol. A strongly adsorbed brown band remained at the top 
of the column. Below this, there was a yellow-orange-colored band, and 
Fraction A passed into the collecting receptacle. The elution of Fraction 
A may be accelerated by using higher concentrations of isoamyl! alcohol 
in the eluent. 

The eluate containing Fraction A was extracted with 0.5 nN hydrochloric 
acid. The acidic phase was washed with benzene; the pH of the aqueous 
phase was raised above 9.0 and the acridine was extracted with small 
volumes of benzene. The benzene extract was dried over sodium sulfate, 
filtered, and saturated with dry hydrogen chloride. Atabrine dihydro- 
chloride precipitated. After recrystallization from freshly distilled pyridine 
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the product melted at the same temperature as atabrine dihydrochloride 
and did not depress the melting point of an authentic sample. The ab- 
sorption of solutions of this material over the range of 3000 to 5000 A. was 
identical with that of solutions of atabrine. 


Co;sHs2ON;Cl;. Calculated. C 58.39, H 6.82, N 8.89 
Found, ‘* 58.48, “* 6.50, “‘ 8.82 


By means of the Beckman spectrophotometer, solutions of atabrine 
dihydrochloride were examined in the near ultraviolet and visible regions 
of the spectrum. Dissolved in 1.250 n hydrochloric acid, or in a citrate 
buffer at pH 3.00, the product gave the same absorption data (Curve 1, 


a 
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Fic. 1. The absorption of atabrine dihydrochloride at pH 2.10 (Curve 1) and pH 
8.55 (Curve 2). « X 10-* is the millimolecular extinction coefficient. 


Fig. 1) with a band at 3430 A. and a broad band in the visible region with 
maxima at 4250 and 4450 A. As the pH of the solution was increased, 
the absorption began to change. The change was pronounced at 7.6 and 
complete at pH 8.55. At the latter pH there were small bands at 3420 
and 3600 A. and a band with a single maximum at 4200 A., as shown in 
Fig. 1. The absorption curves obtained at all pH levels passed through 
isobestic points at 3530 and 4080 A.; atabrine is therefore tautomeric and 
the tautomerism, which involves the chromophoric acridine ring, is limited 
to two molecular species.? Since 2-methoxy-6 ,9-dichloroacridine does not 
exhibit a similar pattern, the changes produced by raising the pH of the 
atabrine solution suggest the following tautomerism. 


2 Prideaux, E. B. R., J. Soc. Chem. Ind., 45, 678 (1926). Clark, W.M., The deter- 
mination of hydrogen ions, Baltimore, 3rd edition, 154 (1928). 
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After the elution of atabrine from the column mentioned above, the 
strongly adsorbed band of brown material at the top of the column was 
removed mechanically, and discarded. The orange-yellow band was 
eluted with acidulated water. The colored material in this acid eluate is 
weakly basic. It may be extracted from basic solutions with benzene, and 
may be extracted from benzene with acids. Solutions of the material do 
not fluoresce appreciably in ultraviolet light, and while the solutions are 
yellow in color, absorption data suggest that the materials in this eluate 
are not acridines. We have not investigated this material beyond this 
point, but the acid eluate appears to be of interest because it does not occur 
in normal dog urine. The materials in this eluate may be produced by an 
aberrant pigment metabolism, or they may be atabrine detoxication prod- 
ucts in which the acridine ring was ruptured. 

Fraction B;—The alkaline solution containing Fraction B; was washed 
with benzene; the pH was adjusted to 8.4 and the product was extracted 
with benzene. The benzene solution, dried briefly over anhydrous sodium 
sulfate, was allowed to percolate through a column of alumina 20 cm. in 
length and 8 mm. in diameter. Fraction B; was retained as an orange 
band at the top of the column. The chromatogram was developed with 
benzene containing 50 volumes per cent of isoamy! alcohol, and Fraction B, 
passed into the receiver. An equal volume of benzene was added to the 
eluate and the basic acridine was extracted from the organic phase with 
0.5 nw hydrochloric acid. 

When exposed to ultraviolet light, acidic solutions of Fraction B; emitted 
a green fluorescence similar to that observed with solutions of atabrine, but, 
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unlike the latter, when the solution was made alkaline the color changed 
from yellow to orange and the solution then gave a distinctive yellow 
fluorescence in ultraviolet light. 

Purified further by repetition of the distribution and chromatographic 
techniques, aqueous solutions of the product were examined spectrophoto- 
metrically. The concentration of the product in 0.5 n hydrochloric acid 
was determined by the colorimetric intensity measured at 4250 A. and the 
data (shown in Fig. 2) are expressed in terms of atabrine dihydrochloride. 
The data obtained (Curve 1) are similar to those obtained with comparable 
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Fig. 2. The absorption of Fraction B, in 0.5 n hydrochloric acid (Curve 1), at pH 
7.51 (Curve 2), at pH 8.58 (Curve 3), and in 2.5 nN sodium hydroxide (Curve 4). «¢ 
is computed, arbitrarily, on the assumption that equimolar solutions display the 
same extinction coefficient at 4250 A. as atabrine dihydrochloride. The data for Figs. 
3 and 4 were obtained by similar treatment. 


solutions of atabrine, indicating the acridine nature of Fraction B,. Acidic 
solutions of Fraction B; exhibited maxima at 3450 and 4330 A. with a sug- 
gestion of a maximum at 4500 A. Different samples of Fraction B, always 
gave identical data over the range of 3300 to 5000 A. 

Maintaining the Fraction B; concentration constant, but increasing the 
pH to 7.02, produced no appreciable changes in the absorption, but when 
the pH was increased to 7.51 (Curve 2) the absorption was altered, and at 
pH 8.58 (Curve 3) there was a pronounced shift to the longer wave-lengths 
in the visible portion of the spectrum. The change appeared to be com- 
plete when the product was examined in 2.5 nN sodium hydroxide (Curve 4). 
In this solution maxima were observed at 3500, 3650, and 4600 A. The first 
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two bands correspond to those observed with alkaline solutions of atabrine, 
but the band in the visible region was shifted to longer instead of shorter 
wave-lengths. While it would seem that there is an invariant point of 
3750 A., there are no isobestic points around 3500 and 4650 A. in F ig. 2. 
Thus the changes in the absorption, produced by increasing the pH of the 
solution, require more than one type of intramolecular rearrangement in- 
volving the acridine ring. 

Certain conclusions regarding the nature of Fraction B, may be drawn 
from the absorption and distribution data. Fraction B, is about as basic 
as atabrine, indicating that the basic side chain linked to the 9-carbon atom 
is relatively unchanged. At least the amino grouping attached to the ring 
is intact. Thus, the product is capable of the same tautomerism ex- 
hibited by atabrine. Unlike atabrine, however, Fraction B, forms a 
sodium salt. Since the changes in the absorption are not due to decom- 
position and are complete only in strongly alkaline solution, the anionic 
grouping in Fraction B, is a weak one, and is presumably phenolic. The 
position of the phenolic group is unknown. It may appear in the molecule 
as the result of hydrolysis, in vivo, of the 2-methoxy group. 

Fraction B:—The isoamyl] alcohol eluate containing Fraction B, was 
further purified as follows: 4 volumes of benzene were added to the alcohol 
and the basic acridine was extracted with 0.5 N hydrochloric acid. The 
acidic phase was washed twice with benzene to remove traces of isoamy] 
alcohol. The pH of the aqueous phase was increased to 8.4 and then to 
above 9.6 and the solution was washed with benzene after each pH incre- 
ment to remove possible traces of atabrine and Fraction B;. The product 
was then extracted with small quantities of isoamyl alcohol. Benzene 
was added to the combined isoamy] alcohol extracts to give a benzene solu- 
tion containing 10 volumes per cent of isoamyl alcohol. After being 
briefly dried with anhydrous sodium sulfate, the solution was allowed to 
percolate through a column of alumina 40 cm. long and 12 mm. in diameter. 
The chromatogram was developed with the same solvent and the product 
was eluted with isoamyl alcohol. The eluate was diluted with 4 volumes 
of benzene and the product was extracted from the aqueous phase with 
0.5 N hydrochloric acid. 

After further purification by repetition of the distribution and chromato- 
graphic techniques, solutions of Fraction B, were examined spectrophoto- 
metrically. In the data for Curve 1 (Fig. 3) the concentrations are ex- 
pressed in terms of atabrine. In 0.5 N hydrochloric acid Fraction B: gave 
a strong band at 3530 A. and a broad band in the visible region with 
maxima at 4080 and 4300 A. The character of the curve is similar to that 
obtained with solutions of atabrine, indicating the acridine nature of 
Fraction B,. The absorption of the solution was not altered by increasing 
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the pH to 2.98. The change was significant at pH 4.95 (Curve 2), pro- 
nounced at pH 6.15 (Curve 3), and complete at pH 7.57 (Curve 4). Thus, 
Fraction Be. is a weaker base than atabrine. Further, the changes in the 
absorption produced with increasing pH are quite different from those 
observed in comparable experiments with atabrine. In alkaline solution 
Fraction Be: exhibits no detail in the near ultraviolet and a single strong 
band at 3970 A. All four curves shown in Fig. 3 pass through common 
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Fig. 3. The absorption of Fraction B; in 0.5 n hydrochloric acid (Curve 1), at pH 
4.95 (Curve 2), at pH 6.15 (Curve 3); and at pH 7.57 (Curve 4). 


points at 3210 and 3680 A.; hence there is only one substance contributing 
to the absorption. This substance is capable of existing in two molecular 
forms depending upon the pH, and this tautomerism is presumably de- 
pendent upon the presence of the substituted 9-amino group. These 
observations suggest that, among other things, a partial degradation of the 
basic side chain may occur in the course of the conversion of atabrine to 
Fraction B, in the dog. 

Fraction C—After the elution of Fraction C from the chromatogram, the 
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eluate was acidified and washed with benzene. The pH of the eluate was 
increased to 8.4 and then to a value above 9.6 and the aqueous phase was 
extracted with benzene after each pH increment. The product was ex- 
tracted with comparatively large volumes of isoamyl alcohol. 4 volumes 
of benzene were added to the extract and the acridine was extracted from 
the organic phase with 0.5 n hydrochloric acid. 

After repetition of the distribution and chromatographic procedures, 
solutions of Fraction C in 0.5 n hydrochloric acid were examined spectro- 
photometrically (Curve 1 of Fig. 4). Identical absorption data were found 
with all samples of Fraction C obtained, and these data are sufficiently 
similar to those obtained with atabrine to indicate the acridine nature of 
Fraction C. There is a band at 3450 A. and a broad band in the visible 
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Fie. 4. The absorption of Fraction C in 0.5 x hydrochloric acid (Curve 1), at pH 
8.60 (Curve 2), and at pH 9.57 (Curve 3). 


region with a suggestion of a maximum at 4150 A. and a distinct maximum 
at 4320 A. The absorption was not changed appreciably when the pH 
was increased to 6.0. At pH 8.60 there were significant changes (Curve 2) 
which were complete at pH 9.57 (Curve 3). Thus, Fraction C is a stronger 
base than atabrine. The curves shown in Fig. 4 pass through common 
points at 3570 and 4080 A., indicating the presence of only two molecular 
species in the solutions examined. Since the absorption of Fraction C is 
qualitatively similar to the absorption of atabrine in both acidic and 
alkaline solutions (compare Figs. 1 and 4), the molecular structures re- 
quisite to these absorption patterns are essentially unaltered in the conver- 
sion of atabrine to Fraction C in the dog. Apparently one or more polar 
groupings are present in Fraction C, since its free base is comparatively 
water-soluble, but this group (or groups), presumably phenolic in nature, 
does not influence the tautomerism appreciably. 
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Accumulated samples of Fraction C in 0.5 n hydrochloric acid were con- 
centrated in vacuo at temperatures below 30°. The product was extracted 
with isoamyl alcohol after the concentrate was made strongly alkaline. 
The alcoholic extract was dried and saturated with hydrogen chloride and 
the product was precipitated by the addition of ether. After several 
recrystallizations from anhydrous isoamyl alcohol the product appeared 
as a fine yellow powder. The product contained 1.8 per cent ash and re- 
sisted purification. It darkened at 154° and melted with decomposition 
at 162-165°. 5 mg. of this product in 1 ec. of water were treated with 1 ce. 
of a saturated solution of picric acid. The picrate precipitated on standing. 
On recrystallization from alcohol, the picrate appeared as a crystalline 
powder which sintered at 152° and sublimed at 160-165°. Attempts to 
identify Fraction C were discontinued at this point. 

Dr. Albert Seeler of the Merck Institute kindly examined purified con- 
centrates of Fraction C and reported that these showed no schizonticidal 
activity when tested against a species of avian malaria at dose levels of 2C 
and 100 mg. per kilo of body weight. Further, the toxicity of these con- 
centrates was greater than that of atabrine. 


DISCUSSION 


The present investigation was limited to the study of the isoamyl alcohol- 
soluble acridine bases excreted by way of the urinary system following oral 
administration of atabrine. It is clear that other solvents may extract 
additional products. Preliminary experiments involving extraction after 
hydrolysis have indicated that only small, if not negligible, amounts of the 
drug are excreted as water-soluble acridines of the ethereal sulfate or 
glucuronide type, but no exhaustive attempt was made to study the excre- 
tion of such products. Nor were any attempts made to seek products in 
which the acridine ring was ruptured, although by far the larger portion 
of the drug is presumably degraded to this extent because only about 5 per 
cent of the drug is recoverable in forms retaining the intact acridine ring. 

In spite of these many restrictions imposed upon the scope of the in- 
vestigation, the results reported here indicate that the urinary excretion of 
atabrine in the dog is quite complex. It has been shown that atleast four 
acridine derivatives appear in the urine. One of these has been identified 
as unchanged atabrine. The remaining three products have been charac- 
terized spectrophotometrically; various properties have been noted and 
limited conclusions regarding functional groupings have been drawn. 
There is also a urinary fraction, not excreted normally by the dog, which 
does not appear to be composed of acridines. This fraction may include 
atabrine derivatives in which the acridine ring is no longer intact, or it may 
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appear in the urine as the result of an aberrant pigment metabolism induced 
by the drug. 

The urinary excretion of atabrine varies in different animal species. The 
dog excretes about 5 per cent of the drug, and of the acridines eliminated, 
about 25 per cent appears as atabrine; both Fractions B, and B, appear to 
the extent of 2 to 5 per cent and the remainder is eliminated as Fraction C. 
Adult rats, given 25 mg. per kilo of body weight of the drug by stomach 
tube eliminated about 2 per cent of the drug over a 48 hour period. Of the 
acridines excreted, over 90 per cent was unchanged atabrine. No de- 
tectable amounts of Fraction B,; were present and only 2 to 5 per cent of 
the acridines was eliminated as Fraction B, and C. A random sample of 
urine obtained from a human subject who received 700 mg. of the drug 


TABLE I 
Absorption of Various Acridines in 0.5 w Hydrochloric Acid 
The values for the latter four substances were determined by the tinctorial in- 
tensity measured at 4250 A. and the results are expressed in terms of atabrine. The 
symbol + signifies that there was only a suggestion of a maximum at the given 
wave-length. A is given in 





























Substance xX | «X 10-3 A, «X 10-3 A, «X 10-3 A, «X 10-3 
Atabrine................| 3420} 4.87| 4250] 9.37/| 4450] 8.94 
2 - Methoxy - 6 - chloro- | | 
9-aminoacridine......| 3400 | 4.48 4110) 6.03 4320) 5.04 
2 - Methoxy - 6,9 - di- 
chloroacridine........ | 3550 | 8.40 3700) 16.6 4250) 5.67 +4450) 5.19 
Fraction B;.............| 3450 | 6.00 4330) 10.0 | +4500) 8.99 
ee ON ge 4080) 10.7 4300] 9.46 
= © (aee)........ | 8450 7.99 | +4160) 8.94 4330) 9.55 
—  Gaeee)..... 3400 | 4.54/ 4200) 9.32| 4450) 8.61 


i 





contained about as much Fraction C as unchanged atabrine. The con- 
centrations of Fractions B,; and B, were not determined. Pooled samples 
of urine obtained from rabbits 5 hours after the oral administration of 100 
mg. of atabrine per kilo of body weight contained about 1 per cent of the 
dose administered. Of this, the output of Fraction C was approximately 
5 times the output of atabrine, and there was no Fraction B; or Be: in the 
sample. 

The separations used in this work are based upon the solubility, dis- 
tribution, and chromatographic behavior of the different excretion products. 
It is possible that different substances could satisfy these criteria, and that 
a given product obtained from one animal species may not be the same as 
the comparable product obtained from another species. This possibility 
was investigated spectrophotometrically. The substances characterized 
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as atabrine are the same in both species, but, as shown in Table I, the 
acridines excreted by the dog and rabbit and characterized as Fraction C 
are not identical. 


SUMMARY 


This study, limited to those substances extracted from alkaline solution 
with isoamyl alcohol, indicates that the urinary excretion of atabrine is 
quite complex. At least four acridine derivatives appear in the urine of the 
dog; of these, one has been identified as unchanged atabrine. The re- 
maining three have been characterized spectrophotometrically. Various 
properties have been noted and limited conclusions regarding their func- 
tional groupings have been drawn. There is also a urinary fraction not 
normally excreted by the dog which does not appear to be composed of 
acridines. Comparison of the acridines eliminated by the rat, rabbit, dog, 
and man indicates that the urinarv excretion of atabrine varies in different 
animal species. 
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The method of Bratton and Marshall' possesses an excellent sensitivity, 
but, since the length of the column of most photoelectric colorimeters is 
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Fic. 1. (J) Varying concentrations of the sulfonamide drugs as measured by the 
Marshall method. (JJ) Lower concentrations measured in n-butanol following ex- 
traction. 


fixed, and since low blood concentrations are frequently encountered, it is 
often impossible to measure the color developed in highly diluted blood 
filtrates. A simple means whereby the color can be concentrated is there- 


1 Bratton, A. C., and Marshall, E. K., Jr., J. Biol. Chem., 128, 537 (1939). 
39 
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fore desirable. Reduction of the blood dilution is not satisfactory since, as 
Bratton and Marshall' have shown, the sulfonamides and more particularly 
the heterocyclic sulfonamides are adsorbed by protein precipitates, and this 
adsorption varies inversely as the dilution. The desired concentration has 
been effected, without alteration of the Marshall method, by extracting the 
final azo color with small volumes of butanol. 

Solutions of sulfanilamide, sulfathiazole, and sulfapyridine were ana- 
lyzed! at concentrations ranging from 0.1 to 0.5 mg. per cent. The colors 
were measured in a 1 cm. cuvette at 5400 A. in the Beckman spectropho- 
tometer with the results shown in Fig. 1. The slopes of Lines 1, 2, and 3 
are inversely proportional to the molecular weights of the drugs. The same 
experiments were repeated but only one-fifth of the respective drug concen- 
trations was used. 5 minutes after the azo color was produced, the colored 
solution (13 ec.) was extracted with 3 cc. of n-butanol.2. The colored buta- 
nol phase was drawn off, chilled in ice water, and centrifuged to prevent 
clouding by undissolved water. The colors, measured as usual,’ gave Lines 
4, 5, and 6, -n Fig. 1. The slopes indicate that only 90 per cent of the sul- 
fanilamide dye was extracted but the extraction was complete in the case of 
the heterocyclic sulfonamides. These data indicate that the colors obey 
Beer’s law, that the reproducibility of the method remains unaltered, and 
that the sensitivity of the method is increased by a factor of 5. With 20 ce. 
of filtrate this factor is increased to 10. This addition to the Marshall 
method has been satisfactorily used in routine blood analyses. 


*? Trichloroacetic acid as used in the Marshall method for blood should not be re- 
placed by hydrochloric acid as in the method for urine, since this alters the distribu- 
tion ratios. 

* We examined the absorption of aqueous and butanol solutions of these dyestuffs 
over the range 4500 to 6000 A. Maxima were observed at 5450 A. in all cases. Hence, 
the standard No. 540 filter may be used. 
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Acetaldehyde is a primary product of alcohol metabolism in the animal 
body. Together with alcohol, it comprises the equilibrium system acti- 
vated by the alcohol dehydrogenase system (1), and its concentration in 
the blood, particularly in man, rises many fold after alcohol administra- 
tion (2). For this reason it merits attention, but it is probably of further 
importance in the general scheme of carbohydrate metabolism. The 
intermediate formation of acetaldehyde in the decarboxylation of pyruvic 
acid by yeast was early established (3), and the study of a diphosphothi- 
amine enzyme system from heart muscle by Green ef al. (4) strongly 
suggests that pyruvic acid is first decarboxylated to acetaldehyde and is 
then further condensed with a second molecule of pyruvic acid to yield 
acetoin (acetylmethylearbinol) according to the reactions 


CH;COCOOH — CH;CHO + CO, 
CH,CHO + CH;COCOOH ~— CH;—CHOH—CO—CH; + CO, 


Green et al. found that in the presence of the enzyme the rate of acetoin 
formation from pyruvate was increased 4-fold if acetaldehyde was also 
present, that from a given amount of pyruvate the yield of acetoin in the 
presence of acetaldehyde was twice that obtained with pyruvate alone, and 
that when the acetaldehyde was replaced by propionaldehyde the corre- 
sponding acetylethylcarbinol was formed. The production of acetaldehyde 
by tissues autolyzing in the presence of an aldehyde fixative (5-8) probably 
represents an interruption of the acetoin-forming reaction through fixation 
of the acetaldehyde first produced (9). 

Special attention was directed to acetoin as a product of acetaldehyde 
metabolism by the work of Green et al. and by our previous report that 
pyruvate administration produces an acceleration of alcohol removal from 
the blood (10). Acetoin formation from pyruvate was earlier demon- 
strated in minced heart muscle by Gorr (9), and in skeletal muscle, liver, 
and kidney by Tanko et al. (11). The latter workers also noted that 
acetaldehyde increased the rate of acetoin formation from pyruvate. Our 


* Present address, New York State Agricultural Experiment Station, Cornell 
University, Geneva, New York. 
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object has been to study the quantitative relationships in the acetaldehyde- 
pyruvate condensation system of brain tissue with the micromethods for 
acetaldehyde (2) and acetoin (12) developed in this laboratory. The 
application of these methods has made it possible to compare the influence 
of various substances on the same tissue sample under the controlled con- 
ditions afforded by use of the Warburg respirometer. This report includes 
a study of this reaction in thiamine-deficient brain and finally the demon- 
stration of acetoin formation in vivo after the injection of acetaldehyde. 


Experiments in Vitro 


General Technique—Both rats and pigeons were used in these studies. 
In either case the brain was quickly removed from the decapitated animal, 
freed of major portions of white matter, weighed, and homogenized in 0.9 
per cent saline. The suspension was further diluted so that each ml. 
contained 250 mg. of tissue. 1 ml. of this suspension was immediately 
pipetted into Warburg flasks already containing phosphate buffer and 
the substances to be tested. Acetaldehyde (100 to 300 y in 0.3 ml.) was 
placed in the side arms, the total volume of fluid in the flasks was 3.3 ml., 
and the concentration of phosphate buffer was 0.05 m of pH 7.4. After 
adequate temperature (37°) or gas equilibration and closing of the taps, 
the acetaldehyde solution was admitted to the main chamber of the vessels. 
At this time, noted as zero, a representative flask was removed, and the 
contents carefully rinsed into a chilled graduated centrifuge tube. The 
mixture was deproteinized by the addition of 1 ml. of 10 per cent sodium 
tungstate and 1 ml. of 3? N sulfuric acid, diluted to exactly 10 ml., and 
centrifuged. Changes in the concentration of substances under investiga- 
tion were then calculated by the differences found between the zero time 
control flask and the other flasks similarly treated after 1 hour of incubation. 
1 ml. of the filtrate suffices for the determination of acetaldehyde according 
_to a previously described colorimetric method (2) and the remaining filtrate 
for the determination of acetoin (12). In those experiments in which 
pyruvate was determined, the contents of the flask were deproteinized with 
trichloroacetic acid (2 per cent final concentration) and the method of 
Bueding and Wortis (13) utilized. Acetaldehyde does not interfere in the 
pyruvate procedure. 

Acetaldehyde and Pyruvate Disappearance—Because of the volatility of 
acetaldehyde, preliminary experiments were carried out to determine the 
extent of the losses due to this factor. When the customary 90 to 120 y 
of acetaldehyde in 3.3 ml. of saline buffer were used, a volatilization loss of 
5 to 8 y occurred during the 1 hour period. The relatively small volatiliza- 
tion losses were determined frequently and subtracted from the values for 
acetaldehyde that disappeared in the presence of tissue. 

















STOTZ, WESTERFELD, AND BERG 43 


The disappearance of acetaldehyde and pyruvate individually or when 
both were incubated with the homogenate of rat brain was determined. 
The results of such experiments are recorded in Table I and are strictly 
comparable, since all were determined simultaneously and on identical 
aliquots of a homogenate prepared by pooling three rat brains. The data 
show that (1) brain tissue metabolizes acetaldehyde under these condi- 
tions, (2) the amount which disappears, with or without the addition of 
pyruvate, is increased by a higher initial acetaldehyde concentration, (3) 
the addition of pyruvate greatly accelerates acetaldehyde disappearance, 
and conversely (4) addition of acetaldehyde accelerates pyruvate disap- 


TaBLe I 
Acetaldehyde and Pyruvate Disappearance in Homogenates of Rat Brain 
250 mg. of rat brain, total volume 3.3 ml.; saline-phosphate buffer 0.05 m, pH 7.4; 
incubation 1 hour at 37°. 





| 











Sale o, | Meee | myremtenair | tgcaittade | Brent 
Y 7 Y 7 

1 110 0 20 

2 110 300 48 

3 110 600 62 

4 110 900 66 

5 | 320 0 52 

6 272 600 95 

7 540 600 181 

8 0 600 414 
9 100s 600 502 
10 72 | 600 512 








* Calculated as pyruvic acid. 


pearance. The latter effect is less striking, however, owing to the rapid 
pyruvate metabolism present without added acetaldehyde. 

The simultaneous disappearance of pyruvate and acetaldehyde was not 
due to an oxidation-reduction reaction between the two, since (a) alcohol 
formation could not be detected, and (b) there was no greater lactate 
formation in the presence of both pyruvate and acetaldehyde than with 
pyruvate alone. Alcohol was determined in the distillate of a tungstic 
acid filtrate by a dichromate reduction method (10) after correction for 
the acetaldehyde present. Lactate was measured by the method of 
Barker and Summerson (14) after removal of acetaldehyde by distillation. 

Free acetaldehyde could not be detected during active pyruvate dis- 
appearance when the latter was the only substrate added to the tissue. 

Acetoin Formation—Analyses for acetoin were performed after the usual 
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1 hour incubation of rat brain homogenate with acetaldehyde under various 
conditions. These conditions included (1) the use of a nitrogen atmosphere 
during incubation, (2) the addition of diphosphothiamine, and (3) the use 
of glucose and lactate as precursors of pyruvate. The more essential 
points investigated were again combined into a single experiment on a 
homogenate prepared by pooling three brains, so that the results would be 
strictly comparable. These are recorded in Table II. 

The highest yields of acetoin and correspondingly the greatest disap- 
pearance of acetaldehyde occurred in the presence of pyruvate and 


Taste II 
Formation of Acetoin in Homogenates of Rat Brain 
250 mg. of rat brain, total volume 3.3 ml.; saline-phosphate buffer 0.05 m, pH 7.4; 
incubation 1 hour at 37°. 


ae rt ~aE x 
a= RE gale a —— 














; : Acetalde- Diphospho- Acetalde- Hesboten 

: Sample No. hyde Other substances added* thiamine _ hyde formed 

Bs added added disappeared 

f Y | | = mg. Y Y Y 
1 104 | | 0 16 0 
2 104 20 22 9 
3 104 Pyruvate | 0.6 ( 51 68 
a ee " 0.6 S | oR O4 
i ae m | 4.) 4 - 100 
6 104 Lactate |; 6.0 20 51 70 
7t | 104 | " | 6.0 20 30 «| ~—88 
8 104 | Glucose eae ee oe | 
of | 104 " oe 20 32 41 
10 Pyruvate | 0.6 20 0 
nu | “ | 6.0 20 11 | 
1 Glucose | 6.0 20 0 
13 Lactate 6.0 20 0 





* Pyruvate and lactate are calculated as the free acid. 
t Nitrogen-filled flasks. 


diphosphothiamine.. The substantial effect produced by added diphos- 
phothiamine demonstrates the réle played by this coenzyme in the 
acetaldehyde-pyruvate condensation, and proves that the amount of the 
coenzyme available in the homogenate of normal rat brain is not sufficient 
for maximum activity of the enzyme. Whether or not the insufficiency of 
coenzyme for this reaction exists in the intact tissue cannot be directly 
inferred, since homogenization may produce a “dilution effect” or allow for 
destruction of coenzyme. Acetoin formation from acetaldehyde without 
added pyruvate is very small and can only be detected regularly with the 
stimulation provided by added diphosphothiamine. It must be pointed 
out that the yield of acetoin in this case is at the lower limits of detection 
by the method employed and hence represents only qualitative evidence 
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for its presence rather than quantitative estimation. It is likely, in view 
of the other results, that this formation of acetoin represents largely a reac- 
tion of the acetaldehyde with pyruvate fram residual precursors such as 
glucose and lactate, although the enzyme from heart muscle (4) is also 
able to cause a slow condensation of 2 molecules of acetaldehyde to form 
acetoin. A similar small yield of acetoin was observed when pyruvate 
was added without acetaldehyde, but only if a high concentration was 
employed. 

The yield of acetoin from the combination of acetaldehyde and pyruvate, 
whether under aerobic or anaerobic conditions, indicates a nearly complete 
stability of the acetoin formed. The acetoin figures in Tables IT to IV 
remain uncorrected for the approximately 15 per cent loss of acetoin 
inherent in the chemical determination (12). With this factor taken into 
account, some 80 per cent of the acetaldehyde which disappears according 
to the reaction CH;CHO + CH;COCOOH = CH;—CO—CHOH—CH; + 
CO, is recovered as acetoin. dl-Acetoin was entirely stable in this type of 
brain preparation. 

Glucose and lactate were tested in the system to determine whether they 
could effectively supply pyruvate for acetoin synthesis from acetaldehyde. 
These results are likewise recorded in Table II. Neither glucose nor 
lactate, even at concentrations higher than that of pyruvate, was as efficient 
as the latter but nevertheless led to considerable acetoin synthesis. The 
formation of acetoin from glucose and acetaldehyde was somewhat greater 
aerobically than anaerobically. In the case of lactate, a much greater 
acetoin synthesis was observed aerobically. 

Tests for diacetyl, even under conditions of maximum acetoin formation, 
were consistently negative. 

The formation of acetoin from acetaldehyde and pyruvate offers a useful 
tool to determine which substances may give rise to pyruvate during their 
metabolism. Application of this has thus far shown that glucose and 
lactate are metabolized through pyruvic acid in brain. 

Acetoin Formation in Brain of Normal and Thiamine-Deficient Pigeons— 
The marked sensitivity of the acetoin-forming enzyme system to a lack of 
thiamine was demonstrated in the brain tissue of normal and thiamine- 
deficient pigeons. Several birds were placed on a thiamine-deficient diet 
and tube-fed in a manner previously described by Swank and Bessey (15). 
Others were maintained on the usual grain diet. When a bird reached the 
stage of opisthotonus (13 to 16 days), it was sacrificed and the brain tissue 
tested simultaneously with that of a normal bird. The effect of added 
pyruvate and diphosphothiamine was tested on acetaldehyde disappearance 
and acetoin formation in the brains of five normal and five deficient pigeons. 
The results are summarized in Table ITI. 

The findings within each group of pigeons are quite uniform, but the 
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differences between the groups are marked. The averages in each group 
may be compared for discussion. In considering acetaldehyde disappear- 
ance, there is noted (1) no essential difference in the two groups when 
acetaldehyde alone is added, (2) a 160 per cent increase in the normal brains 
when pyruvate is added and only a 75 per cent increase in the brains of 
thiamine-deficient pigeons, and (3) a 17.5 per cent further acceleration 


Taste III 
Acetaldehyde Disappearance and Acetoin Formation in Brain of Normal and 
Thiamine-Deficient Pigeons 
250 mg. of pigeon brain, total volume 3.3 ml.; saline-phosphate buffer 0.05 m, pH 
7.4; incubation 1 hour at 37°. 





























Acetaldehyde di . , . 
cetalde: pa appear Acetoin formation 
Pigeon No. | ag | With 0.6 mg. | |With 0. 6 mg. 
Brain With 0.6 mg. ot yy With 0.6 mg. tary 
alone | pyruvatet || | pyruvate | diphospho- 
lamine lamine 
| 7 | Y | sd 7 7 
Normal 1 30 74 80 44 | 52 
$a 59 76 || «630 | 86 
| Pree ee 70 4 | 82 
ek Galt hs, — ae few et we. ek a: 
iether 3x diel Rahat Gib | 8s | 8&8 
En owes de sopmedech + \ | 26 | 68 | 72 | # | 55 
Thiamine- 1 16 | 40 | 68 | 10 44 
deficient 2 22 24 60 0 54 
3 23 38 | 69 s 45 
Mee Bor Preethacd vidBos |) adda) & 
5 30 50 80 11 44 
| 
BCT ncuccoveesacceda 23 | 4 70 | oe 








* 104 to 110 y were initially present. 
t Calculated as pyruvic acid. 
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when diphosphothiamine is added to the normal brain as compared to a 75 
per cent further increase in the brains of thiamine-deficient birds. A | 
corresponding effect was noted on acetoin formation. In this case the : 
normal brains showed an average formation of 46 y of acetoin per 250 mg. 
of brain per hour as compared to 8 y for the thiamine-deficient birds. 
Additional diphosphothiamine produced an increase in acetoin formation 
of only 20 per cent in the normal brains, while nearly a 6-fold increase was 
found in the thiamine-deficient tissue. The point seems proved from these 
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data that the acetaldehyde-pyruvate condensation with acetoin formation 
in brain tissue is dependent on diphosphothiamine and that tissue deficient 
in this factor is greatly stimulated with respect to this reaction by addition 
of the coenzyme. 

The marked decrease in ability of the deficient tissue to metabolize 
acetaldehyde in the presence of pyruvate, in conjunction with the fact 
that even normal homogenate is not operating maximally with the usual 
complement of the vitamin, suggests the reaction as a possible basis for a 
sensitive functional test for thiamine deficiency. The measurement of 
very small quantities of acetaldehyde would facilitate the use of small 
amounts of tissue. 

Experiments in Vivo 

Several rats were injected with acetaldehyde (in normal saline) intra- 
peritoneally in order to establish the desired conditions for demonstration 
of acetoin formation in vivo. A dose of 50 mg. per 100 gm. of body weight 
is practically certain to kill a rat within 10 minutes. The animal is usually 
limp in less than 3 minutes and later develops respiratory distress with 
gasping and finally death. On smaller doses an animal first develops an 
abnormal gait, and may walk in circles with the legs very limp and extended 
to the side. Equilibrium is readily lost and finally motion is difficult or 
impossible. The symptoms of acetaldehyde poisoning are very similar to 
those noted during alcoholic intoxication in rats. Most striking is the fact 
that it may take only a few minutes after the acute stage for the animal to 
become essentially normal again. This is consonant with the fact that 
during the acute stage the blood acetaldehyde may reach as high as 30 mg. 
per cent and 10 to 15 minutes later may be less than 1 mg. per cent. 
Whereas a single 100 mg. dose readily kills a 200 gm. rat, a similar animal 
may receive a 20 mg. dose at 15 minute intervals until at least a total of 
250 mg. has been given without the animal showing any obvious effects 
at any time. 10 minutes after the last dose such a rat showed a blood 
acetaldehyde concentration of only 0.7 mg. per cent. It is apparent that 
acetaldehyde is quite toxic at higher levels but is rapidly metabolized. 

It was not regularly possible to demonstrate acetoin formation in rats 
after a single dose of acetaldehyde. This could be demonstrated, however, 
if the rat received three successive large doses of acetaldehyde (20 to 30 mg. 
per 100 gm.) intraperitoneally and was sacrificed for blood collection 5 to 
10 minutes after the last dose. Blood was collected from the severed neck 
of the animal and a 1:5 tungstic acid filtrate prepared. Acetaldehyde and 
acetoin were determined in aliquots of this filtrate. A summary of the 
results is recorded in Table IV. 

Blood acetoin values as high as 2.7 mg. per cent may be reached with the 
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technique employed. If the animals were sacrificed 15 to 25 minutes 
rather than 5 to 10 minutes after the last acetaldehyde injection, the 
blood acetaldehyde values dropped to less than 1 mg. per cent and acetoin 
could no longer be detected. It is, therefore, indicated that the natural 
form of acetoin formed in vivo is rapidly metabolized. Acetoin formation 
could not be detected after small doses of acetaldehyde or after alcohol 
administration, the latter producing only low blood acetaldehyde values. 
Simultaneous administration of pyruvate with alcohol did not increase 


TABLE IV 
Formation of Acetoin in Vivo 


The rats received three intraperitoneal injections at 10 minute intervals of the 
substance listed and were sacrificed 5 to 10 minutes after the last dose. 


Blood 














Rat weight Substance injected Blood acetaldehyde scetoin 
gm. mg. per cent | mg. per cent 
108-283 | None (controls) 0 0* 
146-194 100 mg. Na pyruvate 0 0 
203-242 50 “ aleohol 0.18, 0.21, 0.16 0 
206-270 | 5O “ ™ + 100 mg. Na 0.20, 0.28, 0.42 0 
pyruvate 
193 | 40 mg. acetaldehyde 3.6 ra 
118 o.* " 11.9 | 1.83 
222 68 ‘ . 14.7 2.00 
219 wl Me ns 11.6 2.13 
194 58 “ 7 9.0 | 1.97 
210 | 52 “ o 2.8 1.30 
226 & * si 1.1 a.) 2 
143 Lae f° " + 90 mg. 4.3 | 1.10 
Na pyruvate 
147 | 40 mg. acetaldehyde + 90 mg. 9.0 2.74 


Na pyruvate 





* Blood acetoin values of 0 are actually <0.3 mg. per cent. 


blood acetoin to detectable levels, nor when administered with acetaldehyde 
did it produce any obvious increase in acetoin formation or acetaldehyde 
disappearance. : 


DISCUSSION 


The nearly quantitative formation of acetoin from acetaldehyde in the 
presence of pyruvate by brain homogenates indicates nearly complete 
stability of the acetoin in such a preparation. This has been a technical 
advantage in the demonstration of acetoin formation but of questionable 
value in leading to further understanding of its metabolism in vivo. It 
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seems likely that the failure of acetoin to be metabolized further at an 
appreciable rate depends on a dilution or destruction of a necessary com- 
ponent of the metabolic system involved. 

Greenberg (16) injected dl-acetoin in dogs and found that the rate of its 
disappearance from the blood was a rather slow process. We have noted 
(unpublished experiments) a similar slow disappearance from the blood of 
rats, again after the injection of dl-acetoin. The in vivo experiments 
reported in this paper would indicate that the isomer synthesized from 
acetaldehyde in vivo is actually very rapidly metabolized. It could never 
be detected if more than a few minutes elapsed between the last injection of 
acetaldehyde and death of the animal. It seems probable, therefore, that 
it is the unnatural form of acetoin which is so slowly metabolized in vivo. 
Greenberg’s conclusion concerning the slow rate of acetoin metabolism led 
him to the belief that alcohol does not pass through the acetoin stage in its 
metabolism, since acetoin did not accumulate during alcohol metabolism. 
The great increase of acetaldehyde in the blood after alcohol administration 
and the occurrence of alcohol dehydrogenase in the liver leave little doubt 
that acetaldehyde is a product of alcohol metabolism; and since we have 
shown that acetoin is formed after acetaldehyde administration, it seems 
likely that acetoin actually can arise from alcohol. Failure to detect it 
seems rather to depend on the rapid removal of the naturally formed isomer. 

Bernhard (17) demonstrated the presence of deuterium in the acetyl 
group of acetylsulfanilamide excreted by rabbits receiving deuterioethyl 
alcohol and sulfanilamide. Doisy and Westerfeld (18) have more recently 
shown that acetoin is a precursor of the acetylating agent. The isotope 
studies of Fishman and Cohn (19) indicate, however, that neither pyruvate 
nor acetate can be the direct acetylating agent. The conclusions reached 
in this paper concerning the path of alcohol metabolism would, therefore, 
suggest the utilization of the acetoin pathway in the formation of the 
acetylating agent. 


SUMMARY 


1. Acetaldehyde is metabolized when incubated with rat brain homoge- 
nates. Its rate of disappearance is greatly accelerated by addition of 
pyruvate and further increased by addition of diphosphothiamine. 

2. Pyruvate disappearance is also accelerated by the addition of acetalde- 
hyde but the effect is not as pronounced owing to an initially high rate of 
pyruvate metabolism. 

3. Acetoin (acetylmethylearbinol) is formed nearly quantitatively in rat 
brain homogenates from acetaldehyde in the presence of pyruvate. The 
same factors which accelerate acetaldehyde disappearance also increase 
acetoin formation. 
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4. Brain tissue from thiamine-deficient pigeons shows a markedly lower 
ability to form acetoin from acetaldehyde and pyruvate and is stimulated 
in this respect to a greater extent than normal pigeon brain by 


diphosphothiamine. 
5. Certain toxic manifestations of acetaldehyde in rats have been 


described and a procedure developed whereby acetoin formation from 
acetaldehyde was demonstrated in vivo by the appearance of acetoin in | 
the blood. 
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A relationship of thiamine to alcohol metabolism is implied in the theory 
of intermediary acetoin formation (1), since the latter would be formed 
from pyruvate and acetaldehyde (arising from alcohol oxidation) by a 
diphosphothiamine enzyme system (2). Studies in vitro (3) showed that 
the metabolism of acetaldehyde and the formation of acetoin in brain brei 
were markedly decreased in thiamine deficiency; both were restored by 
the addition of diphosphothiamine. A need for thiamine in the metabolism 
of alcohol was clearly indicated by the clinical studies of Jolliffe et al. 
(4, 5) in which they found that chronic alcoholics showing symptoms of 
polyneuritis received enough dietary thiamine to metabolize the food eaten 
but an inadequate amount to metabolize both the food and the alcohol. 
No evidence for this relationship was found in rats, since aleohol adminis- 
tration actually delayed the onset of the polyneuritis syndrome (6). 

From these considerations, it seemed possible to obtain direct evidence 
of a relationship between thiamine and alcohol metabolism by studying 
the latter during thiamine deficiency. However, the results have shown 
that the rate of alcohol metabolism is not decreased during thiamine 
deficiency, nor was any change noted in the effect of pyruvate in increasing 
the rate of aleohol metabolism (1). A previous study (7) showed that the 
oxidation of alcohol to acetaldehyde is normally the limiting reaction in 
alcohol metabolism; 7.e., the metabolic removal of acetaldehyde is much 
more rapid than its formation from the alcohol. The present study indi- 
cates that even during thiamine deficiency the rate of acetaldehyde metabol- 
ism is not sufficiently reduced to become the limiting factor in alcohol 
metabolism. This isenot to be interpreted as necessarily indicating that 
thiamine is unessential for the metabolism of alcohol. 


EXPERIMENTAL 


Alcohol Metabolism in Normal Pigeons—Alcohol metabolism was studied 
in pigeons by measuring its rate of decrease in the blood over a period of 
5 hours. The alcohol was administered by an intramuscular injection of 
15 ce. per kilo of a 19 per cent (by volume) solution of aleohol. The blood 
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alcohol concentration was determined (1) on 0.2 cc. portions of blood with- 
drawn by syringe from the wing veins at 1 hour intervals. Equilibrium 
was usually established in pigeons within 120 minutes of the alcohol 
administration, and the blood alcohol thereafter decreased as a linear 
function of time. 

In Table I are summarized the alcohol oxidation rates obtained with a 
group of normal pigeons that had been fed a diet of mixed grain ad libitum, | 
and a second group that had been force-fed a high carbohydrate diet for 
10 days. The latter group was fed Diet III of Swank and Bessey (8), | 


TABLE I 
Alcohol Metabolism in Normal Pigeons 




















Piguen weight | Blood alcohol | 
Diet , | concentrationat | Decrease of blood 
= At time of 0 time alcohol 
| At start of diet | determining alcoho] | (by extrapolation) 
curve | 
gm. gm. | mg. per cent mg. per cent per hr. 
Mixed grain ad | | 440 | 187 | 20 
libitum 430 178 14 
| 460 | 180 | 17 
| 484 190 17 
7 182 16 
348 179 17 
Pe, Petia tw as PRL A Mash <ckdibwadspieoavav’ seve 17 
High carbohydrate | 508 | 529 179 24 
diet, force-fed | 586 605 204 23 
496 | 480 184 18 
552 590 212 27 
430 | 453 185 31 
A a Wi ciehiis nesld dyes ba bute eta sob eopeesinws 25 








except that the yeast was not autoclaved and the diet was supplemented by 
the injection of 0.5 mg. of thiamine every 3rd day. The birds on a mixed 
grain diet oxidized alcohol at a rate that caused the blood alcohol to 
decrease an average of 17 mg. per cent per hour. This was increased to 
25 mg. per cent per hour on the high carbohydrate diet. A high rate of 
alcohol oxidation was previously observed (9) in rats fed an all carbohydrate 
diet. 

Alcohol Metabolism in Thiamine-Deficient Pigeons—Thiamine-deficient 
pigeons were obtained by the daily force feeding of the Swank and Bessey 
Diet III until opisthotonus appeared. An alcohol curve was run at the 
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time the birds were showing head retraction. They were then given daily 
injections of 0.5 mg. of thiamine intramuscularly for 7 days. The force 
feeding of the diet. was continued as before, and at the end of the period 
of thiamine injections the rate of alcohol metabolism was again determined 
on each pigeon. 

At the same time, an additional group of pigeons was fed the same diet 
and also injected with 0.5 mg. of thiamine daily from the beginning of the 
experiment to act as paired controls for some of the thiamine-deficient 
birds. After an interval corresponding to the time required to develop 
opisthotonus in the paired control, an alcohol curve was run. These 
pigeons were then continued on the same régime for an additional 7 days, 
and a second alcohol curve was run. 

The data are summarized in Table II]. From the average rates of 28.5 
mg. per cent per hour during opisthotonus and 33 mg. per cent per hour 
after thiamine injection, it might appear that the rate was decreased in 
thiamine deficiency. However, a similar increase was obtained in the 
control group that had received adequate amounts of thiamine throughout. 
Moreover, the rate of 28.5 mg. per cent per hour during the deficiency period 
was as high as that observed in the control group. It is evident from these 
data that the rate of alcohol metabolism is more dependent upon the length 
of time the pigeons were fed a high carbohydrate diet than on the presence 
or absence of thiamine in that diet. Certainly thiamine deficiency did not 
decrease the rate of aleohol metabolism. 

The absence of thiamine in the diet did not prevent the deposition of 
liver glycogen, even though the birds were losing weight. Values of 3 to 
6 per cent liver glycogen were obtained by the usual method of analysis 
(10) in a series of pigeons with opisthotonus. Similar values were previ- 
ously reported for normal and thiamine-deficient pigeons (11, 12) and show 
that in thiamine deficiency there are adequate carbohydrate reserves to 
maintain the rate of alcohol metabolism. 

Alcohol Metabolism in Thiamine-Deficient Dogs—Three thiamine-deficient 
dogs were obtained by a preliminary feeding ad libitum of autoclaved 
dog chow for 5 weeks, followed by the feeding of 200 gm. of the 
Swank and Bessey Diet III daily by stomach tube for 5 to 19 days. The ; 
diet was supplemented by an injection of 25 mg. of calcium pantothenate 
each week. Marked thiamine deficiency was first indicated by vomiting 
of the food that had been fed by stomach tube, and this was followed within 
1 or 2 days by partial paralysis of the legs, particularly the hind legs. 

The effect of pyruvate administration on the blood alcohol curve was 
observed (a) before the dogs were placed on the diet, (b) while they were 
showing the paralytic symptoms of thiamine deficiency, and (c) once each 
week after thiamine had been administered. The dogs were relieved of 
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the deficiency symptoms, while the same force-fed diet was continued, by 


an initial injection of 20 mg. of thiamine followed by 10 mg. of thiamine 
every 2nd day thereafter for 2 weeks. The symptoms disappeared 
completely a few days after the first thiamine injection. 

The effect of pyruvate administration on the blood alcohol curve was 
measured as previously described (1) except that the pyruvate was injected 
intravenously to avoid possible absorption complications during the 
deficiency. None of the thiamine-deficient dogs vomited the 20 per cent 
alcohol administered by stomach tube even though they had vomited their 
food the previous day. Blood pyruvate (13) and lactate (14) values were 
measured simultaneously with the determination of the rate of alcohol 


oxidation. 


Results 


Similar results were obtained on ail three thiamine-deficient dogs. 
Fig. 1 shows the effect of pyruvate on the alcohol curve in one of these 
dogs during thiamine deficiency and after thiamine treatment for 1 week. 
Pyruvate was effective in increasing the rate of alcohol metabolism from 9 
mg. per cent per hour to 19 mg. per cent per hour during thiamine 
deficiency, and from 15 mg. per cent per hour to 19 mg. per cent per hour 
after thiamine treatment. Thiamine deficiency did not prevent or impair 
the pyruvate effect in any one of the three dogs studied. Additional curves 
obtained during the succeeding weeks after restoration to the normal state 
did not show any significant differences. 

The control rate of alcohol metabolism was higher after thiamine ad- 
ministration, but this is of doubtful significance because of the considerable 
variation that was encountered in the control rate of alcohol metabolism 
in the same dog from week to week. There was no obvious correlation of 
the rate of alcohol metabolism with previous treatment or dietary régime, 
except that dogs fasted 1 week had a slightly lower rate of aleohol metabol- 
ism than when they were well fed. In general, pyruvate administration 
increased the rates to 19 to 25 mg. per cent per hour irrespective of the 
initial control rate; pyruvate administered orally seemed to be somewhat 
more effective than when it was administered intravenously. 

Blood Pyrwate and Lactate Changes—In the three thiamine-deficient 
dogs, the blood pyruvate was increased from a normal level of about 1.5 
mg. per cent to 3.5 to 4.5 mg. per cent. The lactate-pyruvate ratio also 
changed from a normal value of about 8:1 to 5:1. After thiamine treat- 
ment for 1 week, the blood pyruvate fell to about 2 mg. per cent and the 
lactate-pyruvate ratio returned to 8:1. Further thiamine treatment 
produced little additional change either in pyruvate levels or the lactate- 
pyruvate ratio. 
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Fig. 1. The effect of intravenously injected pyruvate on alcohol metabolism during 
thiamine deficiency and after thiamine treatment. Dog 10M, weight originally 
14.6 kilos, thiamine-deficient 9.0 kilos, after 1 week of thiamine treatment 9.3 kilos. 
25 ce. of 95 per cent alcohol were given in a 20 per cent solution by stomach tube at 
zero time. 50 ce. of 10 per cent sodium pyruvate were injected intravenously at 
each arrow. Rates of decrease of blood alcohol in mg. per cent per hour, thiamine- 
deficient: control 9, after pyruvate 19; thiamine-treated: control 15, after pyruvate 
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Fia. 2. The blood pyruvate and lactate response to alcohol feeding during thiamine 
deficiency and after thiamine treatment. Dog 10M, weight originally 14.6 kilos, 


thiamine-deficient 9.0 kilos, after 2 weeks of thiamine treatment 9.3 kilos. 25 ec. of 
95 per cent aleohol were given in a 20 per cent solution by stomach tube at zero time. 
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Fig. 2 shows the changes in blood pyruvate and lactate after alcohol 
administration to a thiamine-deficient dog and to the same dog after 2 
weeks of thiamine treatment. During the deficiency, the administration 
of aleohol caused a sharp fall in the blood pyruvate levels, but the blood 
lactate increased instead of showing a parallel fall. In all of the curves 
run after thiamine treatment, the alcohol administration caused a parallel 
fall in both the pyruvate and lactate. 


DISCUSSION 


The rate of alcohol metabolism was not decreased during thiamine 
deficiency. Normally aleohol metabolism is limited by the rate of its 
oxidation to acetaldehyde, and the metabolic removal of acetaldehyde is 
too rapid to affect this oxidation (7). A decrease in the rate of alcohol 
metabolism during thiamine deficiency could be expected only if the 
enzyme systems responsible for the metabolism of acetaldehyde (of which 
one is a diphosphothiamine enzyme) were depleted to such an extent that 
the removal of acetaldehyde became the limiting factor in alcohol oxida- 
tion. Obviously, this did not occur. Either the major part of the 
acetaldehyde is metabolized by enzymes not requiring diphosphothiamine 
for their action, or there is sufficient diphosphothiamine present even in 
severe thiamine deficiency to allow the metabolism of acetaldehyde to 
proceed at a faster rate than it can be formed from the alcohol. 

Pyruvate was just as effective in increasing the rate of alcohol metabol- 
ism in thiamine-deficient dogs as it was in normals. This effect might be 
impaired in thiamine deficiency if it were due to a condensation of the 
pyruvate with acetaldehyde, as originally suggested (1). No change in 
the pyruvate effect on alcohol metabolism in thiamine deficiency would be 
anticipated if it were due to a coupled oxidation-reduction of the pyruvate 
and alcohol (7). The results are additional evidence in support of the 
latter explanation. 

The blood pyruvate and lactate changes resulting from the thiamine 
deficiency in dogs were analogous to the results previously reported for 
pigeons (15). However, an explanation for the changes in these con- 
stituents observed after alcohol administration is not entirely clear. A 
decreased blood pyruvate would result from the dismutation reaction with 
alcohol (7), but the expected lactate rise was observed only during thiamine 
deficiency and not after restoration to normal. A parallel fall in blood 
pyruvate and lactate was also observed when alcohol was administered 
to dogs that were maintained on a normal diet. Some normal dogs showed 
very little change in either the blood pyruvate or lactate after alcohol 
ingestion, and this appeared to be correlated with low initial levels. 

The symptoms of thiamine deficiency have occasionally been attributed 
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to the elevated blood pyruvate per se, and the delayed onset of polyneuro- 
pathy in thiamine-deficient rats fed alcohol (6) might, thereby, be attributed 
to a reduction in the blood pyruvate level by the alcohol. On the other 
hand, the intravenous injection of 100 ec. of 10 per cent sodium pyruvate 
into one of the thiamine-deficient dogs had no effect on the dog’s ability 
to walk or on any of the other deficiency symptoms, even though the blood 
pyruvate rose from 5 mg. per cent to 139 mg. per cent after the injection 
and remained above 10 mg. per cent for at least 1 hour. It is more prob- 
able that the symptoms are caused by the inability of certain tissues 
(especially nervous tissue) to carry on a normal metabolism, which involves 
as an essential step the metabolism of pyruvate by a diphosphothiamine 
enzyme system. 


SUMMARY 


The concentration of blood alcohol decreased at an average rate of 17 mg. 
per cent per hour in pigeons fed a mixed grain diet ad libitum and 25 mg. 
per cent per hour when fed a high carbohydrate diet for 10 days. The rate 
of aleohol metabolism was not decreased during opisthotonus. 

Pyruvate administered intravenously was equally effective in increasing 
the rate of alcohol metabolism during thiamine deficiency in dogs and after 
thiamine treatment. 

Blood pyruvate was elevated in thiamine-deficient dogs, and the lactate- 
pyruvate ratio was decreased. The administration of alcohol to thiamine- 
deficient dogs decreased the blood pyruvate and increased the blood lactate; 
after thiamine treatment, the alcohol administration caused a parallel fall 
in both the blood pyruvate and lactate. 
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STUDIES ON BILE ACID METABOLISM* 


IV. SEPARATION AND IDENTIFICATION OF KETOCHOLANIC ACIDS 
FORMED DURING OXIDATION OF CHOLIC ACID BY 
ALCALIGENES FAECALIS 
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(From the Research Laboratories, George A. Breon and Company, Kansas City, 
Missouri, and the Institute for Medical Research, Christ Hospital, Cincinnati) 


(Received for publication, October 14, 1943) 


A previous study (1) showed that catabolism of cholic acid took place in 
the cecum of the guinea pig through the action of a Gram-negative bacillus 
identified as Alcaligenes faecalis. Further experiments (2) showed that this 
organism, cultured aerobically in a simple synthetic medium containing 
cholic acid, oxidized this bile acid to ketocholanie acids. Quantitative 
studies (2) suggested a stepwise oxidation with successive formation of 
mono-, di-, and triketocholanic acids. The end-product, identified as 
3,7, 12-triketocholanic acid (dehydrocholic acid), was isolated from suitable 
digests in 85 per cent of theoretical yields. The intermediate reaction prod- 
ucts (7.e., the mono- and diketocholanic acids) were not isolated in pure 
form nor adequately identified. Crude acid mixtures containing these 
intermediates gave negative Zimmermann reactions, indicating the absence 
of a carbonyl group at C; (3). On the basis of this finding, it was tenta- 
tively suggested that the monoketo acid was either 3,7-dihydroxy-12- 
ketocholanic or 3,12-dihydroxy-7-ketocholanic acid, whereas the diketo 
acid was most likely 3-hydroxy-7 , 12-diketocholanic acid. 

The intermediate reaction products have been more precisely identified 
in the present study. One of us (W. M. H.) has previously studied the 
separation and identification of ketocholanic acids formed during oxidation 
of cholic acid with chromic acid. The methods developed in this work (4) 
were applied to the present problem. Through use of these procedures, it 
has been shown that 3,12-dihydroxy-7-ketocholanic acid and 3-hydroxy- 
7,12-diketocholanic acid are two of the intermediate derivatives formed 
during bacterial oxidation of cholic acid to triketocholanic acid. 


EXPERIMENTAL 


A schematic outline of the methods used in the separation and identifica- 
tion is shown in the accompanying diagram. Details of the procedures are 


* Reports of parts of this study were presented before the meeting of the American 
Society of Biological Chemists at Boston, April 1, 1942, and the American Chemical 
Society at Memphis, April 20, 1942. 
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as follows: Crude acid precipitates, containing various amounts of un- 
changed cholic acid and intermediate oxidation products, were prepared 
from filtrates of cultures of Alcaligenes faecalis in media containing cholic 
acid. The methods of preparing the digests, as well as the procedures for 
determining cholic acid and keto acids, have been described heretofore 
(2, 5, 6). 

Preparation of Methyl Esters and Separation of Methyl Cholate and Methyl 
Dehydrocholate—The crude acid precipitate was dried to constant weight at 
110°, and a weighed sample was dissolved in twice its weight of a 2 per cent 
solution of sulfuric acid in methyl alcohol, solution being effected by gentle 
heating whenever necessary. The solution was chilled, then seeded with 
methyl cholate to induce crystallization. Methyl cholate crystallized 
within a short time when the acid precipitate contained 15 per cent or more 
cholic acid. The crystals of this ester were separated by filtration, washed 
with a small quantity of cold methyl alcohol, and recrystallized from anhy- 
drous ether. The resulting product (m.p. 152-153°; [a]*> = +36° + 1°) 
showed no depression in melting point when mixed with pure methyl] cholate 
(m.p. 154—155°). When the esterifying solution did not yield methyl cho- 
late crystals within a few hours, the mixture was allowed to stand at room 
temperature for several days and again chilled. If no crystallization oe- 
curred at the end of this time, water was added to 15 per cent of the original 
volume and the solution chilled for 24 hours. When 5 per cent or more 
dehydrocholic acid was present in the original precipitate, methyl dehydro- 
cholate crystallized in clusters of needles. Such crystals were filtered, 
washed with 85 per cent methyl alcohol,and dried to constant weight. This 
compound melted at 232-234° and showed no depression in melting point 
when mixed with an authentic sample of methyl dehydrocholate. 

Preparation and Separation of Semicarbazones—The mother liquor, re- 
maining after removal of the bulk of methyl cholate and methyl dehydro- 
cholate, was diluted with 20 volumes of cold water and cooled to 15°. The 
aqueous layer was decanted, warm water (60°) added, and the aqueous 
phase adjusted to pH 7.0 to 7.5 by addition of solid sodium bicarbonate. 
After the mixture cooled, the aqueous layer was decanted; the resinous 
residue was washed several times with water and dissolved in approximately 
10 times its weight of methyl alcohol. This solution was then mixed witha 
solution' of semicarbazide hydrochloride and sodium acetate in methyl 
alcohol and heated on a bath of boiling water for 1 hour. The reaction 
mixture was cooled, then poured into a large volume of water, and chilled. 


! The solution of semicarbazide hydrochloride and sodium acetate was prepared 
as follows: For each 10 gm. of the original crude acid precipitate, 8.2 gm. of semicar- 
bazide hydrochloride and an equal molecular quantity of sodium acetate were dis- 
solved in 10 ec. of water and diluted with 10 ec. of methyl] alcohol. 
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Separation and ideadifection 9 Re Products of Cholic Acid, 
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The resulting precipitate was filtered off, washed thoroughly with water, 
and dried. 

The dried powder, a mixture of semicarbazones with a small amount of 
methyl cholate, was then extracted with anhydrous ether to remove the 
methyl cholate. The residue was dissolved in 4 parts of warm methy] alco- 
hol and stored at 5° until crystallization occurred. The material separating 
at this point was filtered off and dried and has been designated the “di- 
semicarbazone.” The mother liquor was diluted with several volumes of 
water; the resulting precipitate was filtered off and dried and has been 
designated the ‘“‘monosemicarbazone.”’ 

Preparation of 3-Hydroxy-7 ,12-diketocholanic Acid by Hydrolysis of Di- 
semicarbazone—The disemicarbazone, mentioned above, was recrystallized 
from methy] alcohol and dried to constant weight. A 2 gm. portion of this 
material was added to a solution containing 10 cc. of 50 per cent methyl 
alcohol and 5 ec. of concentrated sulfuric acid, and the mixture refluxed for 
10 minutes and then diluted with a large volume of water. The resulting 
precipitate was filtered off, redissolved in 10 cc. of 2 N sodium methoxide in 
methyl alcohol, and refluxed for 20 minutes. This reaction mixture was 
poured into 3 volumes of water, heated to remove alcohol, then acidified 
with dilute hydrochloric acid. The precipitate that formed was filtered, 
washed with cold water, suspended in 100 ce. of boiling water, and the 
water solution decanted into a beaker. Crystals formed as this solution 
cooled; these were purified by recrystallization from ethyl acetate, m.p. 
188-189°, [a]* = +30.8° (alcohol). The compound contained two car- 
bonyl groups according to analysis by the Hughes procedure and gave a 
negative Zimmermann reaction. When mixed with an authentic sample of 
3-hydroxy-7 ,12-diketocholanic acid (m.p. 187—189°), there was no depres- 
sion of melting point. 

Reactions of Monosemicarbazone. Hydrolysis—20 gm. of the monosemi- 
carbazone, 20 cc. of 50 per cent methyl alcohol, and 10 cc. of concentrated 
sulfuric acid were mixed together, heated for 30 minutes on a bath of boiling 
water, then diluted with 500 ec. of cold water. The resulting precipitate 
was filtered off, resuspended in 50 cc. of 1 N sodium hydroxide, and the 
mixture heated to obtain complete solution. After cooling, the solution 
was acidified with dilute hydrochloric acid, the resulting acid precipitate 
being filtered, washed with warm water, and dried. 

This crude acid precipitate, [a]”» = +16° (methyl alcohol), would not 
crystallize from ether, acetone, ethyl or methyl alcohol, petroleum ether, 
benzene, ethyl acetate, or combinations of the above solvents, or from dilute 
dioxane.2 The compound gave negative Zimmermann and Gregory-Pascoe 


? In unpublished work one of us (W. M. H.) has found that the crude acid may be 
crystallized from dilute acetone or dilute methanol and has been found to melt at 163- 
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reactions, and when treated with Girard’s Reagent T according to the 
Hughes procedure did not form a mercuric iodide hydrazone. When the 
crude acid was reconverted to the methyl ester and treated with semicarba- 
zide as described previously, a monosemicarbazone was formed (m.p. 
178-180°). 

Formation of Desoxycholic Acid through Wolff-Kishner Reduction of 
Monosemicarbazone—10 gm. of monosemicarbazone, 10 gm. of sodium, and 
100 ce. of methyl aleohol were placed in a bomb and heated at 180° for 30 
minutes. The resulting mixture was cooled, diluted with 50 cc. of water, 
and filtered. The filtrate was acidified with dilute hydrochloric acid, the 
precipitate formed being filtered, washed with three 100 cc. portions of boil- 
ing water, and dried (yield 8 gm.). This crude acid was crystallized from 
glacial acetic acid and dried at 100° (m.p. 139-140°; [a]? = +57° + 2°). 
When this compound was mixed with a sample of acetic acid-choleic acid, it 
showed no depression of melting point. When treated in the usual manner 
for conversion of acetic acid-choleic acid to desoxycholie acid, the above 
compound yielded desoxycholic acid (m.p. 170-173°; [a] = +57° + 1°). 
This desoxycholic acid showed no depression in the melting point when 
mixed with an authentic sample of desoxycholic acid. 

Formation and Reactions of Benzoxry Derivative of Monoketo Acid—The 
crude monoketo acid obtained from hydrolysis of the monosemicarbazone 
was converted to the benzoxy derivative as follows: 8 gm. were dissolved 
in 20 cc. of a solution of 2 per cent sulfuric acid in methyl alcohol. This 
solution was allowed to react for 2 hours, and was then diluted with 150 cc. 
of benzene and washed successively with water, 1 N sodium hydroxide, and 
water to remove the methy! alcohol and sulfuric acid. The benzene was 
removed by distillation and the residue dried in vacuo. This dried methyl 
ester was redissolved in 12.5 ec. of benzene; to this solution 3 cc. of dry 
pyridine and 2.4 cc. of benzoyl chloride were added. This mixture was 
allowed to react for 12 to 16 hours. The benzoxy derivative, separated by 
conventional procedures, was crystallized from dilute methyl alcohol; 
yield 7.1 gm., m.p. 145-146°, [a] = +41.5° (methyl alcohol); saponifica- 
tion equivalent 255.8; C 72.94 per cent; H 8.14 per cent. Assuming that 
the compound was a monobenzoxymonohydroxymonoketocholanic acid, it 
should have had a theoretical saponification equivalent of 262 and should 
have contained 73.11 per cent C and 8.63 per cent H. 

This benzoxy derivative formed a hydrazone when treated with Girard’s 
Reagent T. 50 mg., treated according to the Hughes technique, yielded 


164°; [a]> = 0.0° + 1°. This crystalline acid was recrystallized from ethyl acetate 
with excellent recovery and melted at 199-200°; [a]p = 0.0° + 1°. 

® These analyses were performed by the Arlington Laboratories, Chagrin Falls, 
Ohio. 
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109 mg. of mercuric iodide hydrazone. This amount was 101.3 per cent of 
the theoretical yield required for conversion of a methyl] ester of a mono- 
benzoxymonohydroxymonoketocholanic acid to its corresponding hy- 
drazone. 

The benzoxy derivative was converted to a semicarbazone as follows: 1 
gm. of the crystalline derivative, 1 gm. of semicarbazide hydrochloride, and 
0.9 gm. of sodium acetate were added to 50 cc. of methyl alcohol, and the 
mixture refluxed for 15 minutes, concentrated to turbidity, and diluted with 
water. The precipitate that formed was filtered off, dissolved in 10 cc. of 
methyl alcohol, and reprecipitated by the addition of water. This latter 


TaBie [ 
Separation of Ketocholanic Acids Formed during Oxidation of Cholic Acid by 
Alcaligenes faecalis 


























ee of acid Cholanic acid derivatives isolated 
sa aan 
Acid ppt. 7 : a ee PgR epee ~ | Recovery 
| cote | Beivag | A | rote (Monoketo-| Diketo- | Triketo 
— cholic acid® | cholanic cholanic cholanic 
Bes acid acidt acidt acid§ 
per cent per cent | gm. per cent per cent per cent per ceni per cent 
A 35.3 | 64.7 | 22 34.4 | 65.0 99.4 
. > | > 
B 34.6 65.4 20 35.8 64.0 99.8 
C 3.3 | 96.7 2 | 2.9 | 78.5 5.5 | 13.3 | 100.2 
D 4.5 | 9.5 | 17 | | 35.6!) | 23.0 4.1 | 62.7 














* Isolated as methyl cholate. 

+ Isolated as methy] ester of monosemicarbazone. 

t Isolated as methy! ester of disemicarbazone. 

§ Isolated as methyl dehydrocholate. 

|| Approximately half the product was lost during a transfer of the monosemi- 
carbazone. 


precipitate was dried at 110° and extracted with 50 cc. of dry ether. The 
resulting compound had a melting point of 178-180°. There was no depres- 
sion in melting point when this material was mixed with equal quantities of 
the semicarbazone of the methyl ester of 3-benzoxy-12-hydroxy-7-keto- 
cholanic acid (7). 

The benzoxy derivative was oxidized with chromic acid as follows: 1 gm. 
was dissolved in 20 ec. of glacial acetic acid; this solution was cooled to 15°, 
mixed with a solution of 0.99 gm. of chromic acid in 25 cc. of 90 per cent 
acetic acid, allowed to react for 30 minutes, and then diluted with several 
volumes of water. This dilute solution was extracted with ether; the ether 
extract was washed with water to remove acidic and colored substances, 
then evaporated to dryness. The residue was crystallized from dilute 
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methyl alcohol, dried, and extracted with ether. The resulting compound 
had a melting point of 119-120° and showed no depression of melting point 
when mixed with an authentic sample of the methyl ester of 3-benzoxy-7 , 12- 
diketocholanie acid (8). Saponification of the above benzoxy derivative 
yielded 3-hydroxy-7 ,12-diketocholanic acid (m.p. 187-188°). 

Application of Above Procedures to Digests of Cholic Acid—The above 
procedures have been applied to four different digests of cholic acid. Ac- 
cording to the data presented in Table I, the monoketo acid seemed to be 
the sole reaction product when the acid precipitates contained about one- 
third cholic acid. When the precipitates contained detectable amounts 
but less than 5 per cent of cholic acid, the monoketo acid was still the 
principal product, but appreciable quantities of diketo and triketo deriva- 
tives were also present. 


Comment 


The preceding data suggest that 3,12-dihydroxy-7-ketocholanic acid 
is the first product of the oxidation of cholic acid by Alcaligenes faecalis. 
Although this compound has not been isolated as such from the digests, 
its presence in the digests has been proved by (1) preparation of its mono- 
semicarbazone and reduction of this compound to desoxycholic acid, and 
(2) preparation of a benzoxy derivative of the methyl ester identical with 
an authentic preparation of the methyl ester of 3-benzoxy-12-hydroxy-7- 
ketocholanic acid. 

The data further suggest that 3-hydroxy-7,12-diketocholanic acid 
is the second product of the bacterial oxidation of cholic acid. This keto 
acid was separated from the crude digests as the disemicarbazone and 
isolated from this derivative in pure form. 

These findings are of interest, for they show that Alcaligenes oxidized 
the hydroxyl at C; first and that at C; last. This order of oxidation 
7 > 12 > 3 is the same as that observed by Gallagher and Long (9) in the 
oxidation of cholic acid by chromic acid. This order has been suggested 
previously by the work of Kaziro and Shimada (3) and Hoehn and Schnei- 
der (7). Haslewood (10) likewise confirms this finding. 

One other observation deserves mention; namely, the failure of 3,12- 
dihydroxy-7-ketocholanic acid to react with Girard’s Reagent T.‘ This 
observation is of especial interest, for in an earlier study (2) it was noted 
that the amount of mercuric iodide hydrazone obtained from certain 
digests was only a fraction of that which should have been obtained if all 


‘ Through the courtesy of Dr. T. F. Gallagher we obtained a sample of 3,12-dihy- 
droxy-7-ketocholanic acid prepared by oxidation of cholic acid with chromic acid. 
This compound, like that prepared through bacterial oxidation of cholic acid, did not 
form a mercuric iodide hydrazone. 
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the cholic acid that disappeared from the medium had been converted to 
a monoketo acid. This apparent discrepancy is explained by the finding 
that the 7-ketodihydroxy acid does not react with Girard’s Reagent T. 
This ketocholanic acid is the only one thus far studied which does not 
form a Girard hydrazone. 

SUMMARY 


The present study was designed to determine the composition of the 
mono- and diketocholanic acids formed during bacterial oxidation of 
cholic acid to dehydrocholic acid. Methods were developed for the 
separation of unchanged cholic acid and its oxidation products as present 
in crude acid precipitates derived from bacterial digests. The methods 
involved esterification of cholic acid and derivatives, separation of the 
esters of cholic and dehydrocholic acid from those of other keto acids by 
fractional crystallization, formation of the semicarbazones of the mono- 
and diketocholanic acids, and finally separation of the mono- and disemi- 
carbazones through fractional crystallization. 

The identity of the diketo acid was established as 3-hydroxy-7 ,12- 
diketocholanic acid through preparation of this compound from the 
disemicarbazone. 

The identity of the monoketo acid was established as 3 , 12-dihydroxy-7- 
ketocholanic acid. Its presence was proved by the fact that the acid 
isolated from the monosemicarbazone after conversion to the methyl 
ester formed a benzoyl derivative which gave a semicarbazone identical 
with the semicarbazone of methyl 3-benzoxy-12-hydroxy-7-ketocholanate, 
and that the monosemicarbazone yielded desoxycholic acid when reduced 
according to the Wolff-Kishner procedure. 

Analysis of various digests indicated that the 7-keto acid was the first 
oxidation product of cholic acid, the 7,12-diketo acid being the second 
product. This indicates that the hydroxyls of cholic acid undergo oxida- 
tion by Alcaligenes in the same order as when treated with chromic acid. 
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It is well known that the steroids are excreted in urine as water-soluble 
substances which can be hydrolyzed with more or less ease to the uncon- 
jugated compounds, which in turn are readily soluble in a variety of or- 
ganic solvents. Since free steroids are more easily fractionated by chemical 
methods, the established practice for investigation in this field has been to 
subject the urine to a hydrolytic process prior to or simultaneous with 
extraction by the organic solvent. Relatively little attention has been 
given to the combined form of urinary steroids, although it is evident from 
the numerous modifications suggested by various authors that the hydro- 
lytic process is unsatisfactory. Moreover, it is clearly recognized that 
steroids such as chlorodehydroandrosterone, androstadienone-17, and the 
like are secondary products formed in the course of hydrolysis or in the 
isolation technique. The influence of the factor of hydrolysis on other as 
yet unrecognized compounds is still unknown. We have therefore under- 
taken an investigation of the conjugated form of the neutral 17-ketosteroid 
fraction of normal male urine with the aim of establishing more satisfactory 
methods for isolation and quantitative measurement. This end already 
appears to have been justified. Talbot, Ryan, and Wolfe have recently 
reported (1) a technique for assaying the dehydroisoandrosterone content 
of urine based upon our finding that this compound is excreted as the 
sulfate. 

Conjugation with glycuronic acid is a common method by which the 
animal excretes water-insoluble substances. Cohen and Marrian (2) 
identified estriol glycuronide in pregnancy urine and Venning and Browne 
(3) showed that progesterone is excreted as pregnanediol glycuronide. 
Peterson, Hoskins, Coffman, and Koch (4) found that glycuronic acid and 
acid-hydrolyzable androgen obtained from normal male urine were ap- 


* Read at the 1942 meeting of the Association for the Study of Internal Secretions 
(Endocrinology , 30, 81036 (1942)). 
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by the Dr. Wallace C. and Clara A. Abbott Memorial Fund of the University of 
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parently present in constant ratio through several purification procedures. 
Our own work provides some evidence that the neutral 17-ketosteroids may 
be conjugated with glycuronic acid, although we have been unable to 
separate a pure substance. 

It is not surprising that the phenolic steroids are excreted as sulfuric acid 
esters; Schachter and Marrian (5) isolated an estrone sulfate from pregnant 
mare urine and Butenandt and Hofstetter (6) were able to show that a 
portion of the estrone excreted by the pregnant woman was present in urine 
as the sulfuric acid ester. It is, however, of considerable interest to find 
that a neutral steroid is excreted, at least in part, by the same method of 
conjugation. Venning, Hoffman, and Browne (7) have recently isolated 
androsterone sulfuric acid ester from the urine of a man with an interstitial 
cell tumor; this is an extremely significant result, since it raises the question 
whether all 17-ketosteroids are excreted as the sulfuric acid esters. In the 
present communication we shall report the isolation of dehydroisoandros- 
terone sulfate as the sodium salt of the water-insoluble semicarbazone from 
the urine of normal young men. Although our work on this problem was 
undertaken independently and was completed shortly after Venning, 
Hoffman, and Browne had identified their product, we had the privilege of 
examining the compound isolated by these workers and have delayed 
publication until after their results appeared in the literature. 


EXPERIMENTAL 


Determination of 17-Ketosteroid—For hydrolysis, an aliquot of aqueous or 
alcoholic extract containing 0.2 to 5 mg. of steroid was taken and redistilled 
alcohol added to a total aleohol volume of 5.0 ml. The solution was further 
diluted with 45 ml. of 0.5 N hydrochloric or sulfuric acid, refluxed 15 min- 
utes, and cooled to room temperature immediately. The hydrolysate was 
extracted five times with 50 ml. portions of v.s.p. ether, and the combined 
ether extracts were washed five times with 10 per cent sodium hydroxide 
and five times with water, then evaporated to dryness. The residue was 
dissolved in redistilled alcohol, filpered, and made to volume so that the 
final concentration of 17-ketosteroid was 20 to 100 y per ml. 

The Holtorff and Koch (8) procedure for colorimetric estimation of 17- 
ketosteroids was followed with minor modifications. In the original 
method 0.2 ml. each of alcohol solution to be assayed, m-dinitrobenzene 
solution, and 5 mM aqueous potassium hydroxide was used. In this study 
1.0 ml. of steroid solution and 0.5 ml. of each of the reagents are used. The 
change permits assay of more dilute solutions and more accurate measure- 
ment of the sample, while the sensitivity and accuracy of the method are 
unimpaired. As recommended by Pincus and Pearlman (9), the final 
dilution was made with 60 per cent alcohol instead of 92 per cent alcohol to 
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eliminate the possibility of precipitation of carbonate. Robbie and Gibson 
(10) have recently published a similar modification. 

Determination of Free 17-Ketosteroid—The content of free 17-ketosteroid 
was estimated in the same way, except that hydrolysis was omitted. Be- 
fore extraction with ether the solution to be assayed was diluted with water 
instead of acid. The difference between the values for total 17-ketosteroid 
and free 17-ketosteroid was taken as the amount of conjugated 17-keto- 
steroid. 

All the crude extracts were highly colored and some also contained sub- 
stances which develop an interfering color with alkali alone. To correct for 
this chromogenic material, blank estimations were performed in the usual 
manner, except that the m-dinitrobenzene reagent was omitted. 

Preparation and Fractionation of Urine Extracts—Urine of males was col- 
lected (under n-butanol in most cases) in medical school wash rooms or as 
pooled 24 hour specimens of graduate students, and refrigerated for a 
maximum of 2 to 3 days before extraction. Small urine collections were ex- 
tracted with butanol (11) in 250 ml. centrifuge bottles, centrifuged, the 
butanol drawn off by suction, and the extraction repeated five to seven 
times. Larger quantities of urine, up to 144 liters, were extracted in 18 to 
36 liter batches by dropping the urine into 2 liters of butanol in a 5 liter 
cylinder. The urine was sprayed through four 2 mm. jets terminating 
several cm. above the surface of the urine-butanol emulsion which developed 
as soon as the process was started. The aqueous phase separated in the 
bottom of the cylinder and was drawn off through a stop-cock for subse- 
quent extraction through fresh butanol. Solid sodium chloride was added 
liberally from time to time to facilitate separation. The urine was ex- 
tracted in this manner six to ten times, the time required for each extraction 
being about 45 minutes. 

The combined butanol extracts were evaporated to dryness on the boiling 
water bath under diminished pressure. The residue was exhaustively ex- 
tracted with 92 per cent ethanol (a total of about 2 liters for the extract from 
144 liters of urine), again evaporated te dryness, and the residue extracted 
with water-saturated butanol in small portions totaling about 2 liters. 
This butanol extract was then fractionated as in the following experiment. 

2.2 liters of butanol representing 144 liters of normal urine of men con- 
tained 185 gm. of solids (including some salt) and 1.03 gm. of neutral 17- 
ketosteroid (161 mg. of free 17-ketosteroid). This solution was chilled 
below 10° and washed five times with cold saturated sodium bicarbonate 
solution. The combined aqueous extracts contained 200 mg.- of total 
neutral 17-ketosteroid (4.5 mg. of free 17-ketosteroid). The butanol was 
then thoroughly shaken with three separate 100 ml. portions of cold 2.5 n 
NaOH. The combined alkaline extracts contained 41.5 mg. of neutral 
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17-ketosteroid. It should be noted that the term ‘neutral 17-ketosteroid” 
refers to the substances determined by the color reaction after acid hy- 
drolysis and separation of the neutral fraction without regard to the reac- 
tion of the conjugated form. 

The butanol was next extracted with 100 ml. of distilled water to which 
had been added a small amount of sodium chloride to facilitate separation. 
This aqueous extract removed 7.8 mg. of neutral 17-ketosteroid. Then 


TaBLe I 
Fractionation of Butanol Extract of 144 Liters of Male Urine 























Water i | 0.1 N acid to 17-Ketosteroid ?-Retesteneid por snl. esivent | Ratio of 
extract No. Volume neutrality, per total in butanol to 
ml. extract | aqueous phase Aqueous Butanol water 
| phase phase 
mi. mi. me. Y ¥ 
1 | 140 8.06 4.2 
2 149 2.74 7.9 
3 159 0.99 8.7 
4 230 0.38 11.2 
5 323 «| «(0.06 22.4 | 
| | | 
6 | 200 | wo | 492 | 
7 335 8.6 82.4 
8 330 7.5 70.8 205 167 0.81 
eb 7.3 61.4 204 150 0.74 
10 380 6.9 64.9 162 119 0.73 
ll 327 6.5 38.3 111 104 0.94 
12 | 345 32.9 90 90 1.00 
13 308 21.4 67 81 1,21 
14 324 18.5 54 73 1.35 
15 333 16.0 46 67 1.46 
16 6 | | (338 13.3 39 61 1.56 





The total 17-ketosteroid remaining in butanol after the eighth extraction was 
found to be 481 mg. and after the sixteenth extraction 210 mg. The free 17-keto- 
steroid in the final butanol solution was 103 mg. 


followed three extractions with 2.5 n NaOH which removed an additional 
24.5 mg. of neutral 17-ketosteroid, an intermediate extraction with distilled 
water which removed but 2.3 mg. of neutral 17-ketosteroid, and a final 
alkaline extraction with four portions of 2.5 n NaOH which removed 18.9 
mg. of neutral 17-ketosteroid. The total amount of neutral 17-ketosteroid 
removed from butanol by aqueous bicarbonate and alkali was 295 mg. 

The butanol solution was then thoroughly extracted with four successive 
150 ml. portions of 2 per cent NaCl solution and finally twelve times, each 
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with 350 ml. of distilled water. For the last eight extractions it was neces- 
sary to separate emulsions by centrifugation. Tables I and II show the 
results of this fractionation. 

Water Extracts 9 to 13 were combined, extracted three times with 400 
ml. portions of ether, and the aqueous solution dried in a good vacuum 
while frozen. The solid residue weighed 3.2 gm. This was dissolved in 25 
ml. of water, 3.0 gm. of semicarbazide hydrochloride and 4.5 gm. of sodium 


Taste II 
Balance Sheet for Fractionation of Butanol Extract of 144 Liters of Male Urine 











Neutral 17-ketosteroid 
Extracts 
Total Free 
mg. mg. 
Phones antral... «oo sndisiiabenn ame cs ioe edie 1037 137 
Sum of bicarbonate, alkali, and Water Extracts 1-8...... 545 
BOUIN. co. ace cccocckcceddetess charitens saceatananae 492 
ited ia Watenel: 6.65. at SH RET ere 481 124 
Sum of Water Extracts 9-16.................cceeeccceees 265 
OOOOR. 565.00 downidate dew ulin cts bus ae eee deen be eke 216 
TT EY, a eee pre eee ee ee 210 103 











Taste III 


Proportion of 17-Ketosteroid Precipitable by Semicarbazide in Successive Water 
Extractions of Butanol Extract 

















Conjugated neutral 17-ketosteroid 
Water extract No. 
Total a s by semi- 
meg. me. per cent 
Wiaked Mteane Ti os i RR RRS AE AS 82.4 2 2.5 
a ee eee SR Pe mo 70.8 4 5.7 
‘« Extracts 9-13 (combined)..................+.- 218.7 114 52 
a «14-16 pe PP LE de OS RS | 40.1 28 70 
Butanol-soluble, after 16 aqueous extractions......... 107 91 85 








acetate -3H,O added, and the solution warmed in a water bath at 90° for 30 
minutes. After standing overnight, the precipitate was collected by cen- 
trifugation, washed twice with cold water, and dried in a good vacuum at 
85°. The yellowish powder weighed 475 mg. This contained 114 mg. of 
17-ketosteroid and 110 mg. were found in the mother liquors and washings. 
Several of the fractions were treated in similar fashion with results recorded 
in Table ITT. 

Purification of Precipitate—The precipitate obtained from the combined 
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fourteenth, fifteenth, and sixteenth aqueous extracts was dissolved in 
about 40 ml. of boiling ethanol and after filtration concentrated to about 
10 ml. This solution overnight deposited a bead-like precipitate weighing 
16 mg., which appeared crystalline when examined with a hand lens but was 
amorphous under the microscope. Re-solution in ethanol and concentra- 
tion of the solution yielded 4.8 mg. of solid which contained 55 per cent 17- 
ketosteroid. 

3.291 mg. of this product yielded 0.398 mg. of white ash (which was com- 
bined with the combustion products for sulfur determination) and 1.385 
mg. of BaSQ,.' 


CooHsoOsN;8Na-C,H;OH. Theory. § 6.47, ash 14.33 
Found. ‘“ 5.78, ‘* 12.09 


The amount of material obtained was too small for isolation. However, 
by the same procedure 61 mg. of an apparently identical product were ob- 
tained from the combined ninth to thirteenth aqueous extracts. This ma- 
terial contained 0.59 mg. of 17-ketosteroid per mg. of substance and gave a 
strongly positive test for sulfate. Bioassay after acid hydrolysis revealed 
that the product assayed 2.8 1.u. per mg. of 17-ketosteroids.2. 54 mg. were 
hydrolyzed by boiling for 15 minutes with 55 ml. of 0.5 n HCl and the 
neutral fraction isolated in the usual manner. The oily residue was sub- 
limed in a high vacuum at 78° for 24 hours. A small amount of oily ma- 
terial and a white crystalline sublimate formed which melted at 120—124°.' 

The residue in the retort was again sublimed at 100° and a second crys- 
talline sublimate obtained which melted at 145-149°. The first sublimate 
was converted to the benzoate and a product melting at 248-250° obtained. 
Recrystallization from benzene-petroleum ether yielded a product melting 
at 253°. This melting point was unchanged by recrystallization from 
methanol and upon admixture with an authentic specimen of dehydroiso- 
androsterone benzoate (m.p. 254-255°) there was no depression. The 
second sublimate was converted to the benzoate and without purification 
melted at 237-240°. One recrystallization from benzene-petroleum ether 
gave a product melting at 251-252° which showed no depression when mixed 
with dehydroisoandrosterone benzoate. The unsublimed material in the 
retort was negligible in amount. 

The isolation of the semicarbazone was repeated with the eighth, ninth, 
and tenth aqueous extractions from a separate butanol extract of normal 
male urine. In this case more attention was given to obtaining a satis- 
factorily pure sample for analysis. The total neutral 17-ketosteroid of the 


! Microanalysis by Dr. T. 8S. Ma, Department of Chemistry, University of Chicago. 
? Direct application to the comb; unpublished method of Johnston and Koch. 
* All melting points are corrected. 
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extract was 112 mg. A precipitate weighing 95.3 mg. and containing 32.1 
mg. of 17-ketosteroid (34 per cent) was obtained. 62 mg. of this product 
were extracted with hot alcohol, leaving an insoluble residue of 19 mg. which 
contained less than 0.5 mg. of 17-ketosteroid. The alcohol solution 
deposited 26.9 mg. of precipitate which contained 11.3 mg. (42 per cent) of 
17-ketosteroid. This material was twice more redissolved and reprecipi- 
tated, each time forming the characteristic bead-like aggregates noted in the 
foregoing experiment. The final product weighed 7.3 mg. and contained 
4.42 mg. of 17-ketosteroid (60.6 per cent). 

4.218 mg. of substance gave 0.592 mg. of ash and 1.942 mg. of BaSQ,. 
The ash was white and completely soluble in dilute hydrochloric acid with- 
out evolution of CO.. Addition of BaCl, produced a precipitate which was 
combined with the products of combustion for sulfur estimation. 2.437 mg. 
of substance gave 0.197 ml. of nitrogen at 26° and 752mm. The analytical 
figures are consistent with the semicarbazone of sodium dehydroisoandros- 
terone sulfate with a molecule of ethanol. 


CyopHso00sN;SNa-C,H,OH. Theory. S 6.47, ash 14.33, N 8.47 
Found. ‘ 6.32, “ 14.04, “ 9.13 


Recovery of Administered Dehydroisoandrosterone—Through the kind 
cooperation of Dr. Allan T. Kenyon of the Department of Medicine, 
University of Chicago, we were able to study the recovery of administered 
dehydroisoandrosterone. The patient (M. L.) was a short, sexually under- 
developed woman of 27 years, without proved pituitary disease. She re- 
ceived daily intramuscular injections of dehydroisoandrosterone acetate for 
10 successive days; during the first 4 days a total of 270 mg. was admin- 
istered but the urine collection for this period was not available tous. Dur- 
ing the following 6 days a total of 600 mg. of the acetate was injected and the 
pooled urine collection amounted to 9.1 liters. 3.17 liters of this urine were 
put at our disposal; the neutral 17-ketosteroids assayed 53 mg. per liter or a 
total of 196 mg. This urine was extracted by shaking thoroughly with six 
400 ml. portions of butanol which removed 171 mg. of neutral 17-ketosteroid 
(87 per cent). The combined butanol was then extracted six times with 
2.5 N NaOH, with two 500 ml. portions of water, and finally with thirteen 
successive 200 ml. portions of water. There was a marked difference be- 
tween this extract and those previously obtained from normal male urine; 
after these aqueous extractions 118 mg. or 69 per cent of the neutral 17- 
ketosteroid which was extracted from the urine by butanol still remained in 
the butanol phase. The butanol was removed under diminished pressure, 
and the residue suspended in water and extracted three times with ether. 
The ether removed 47 mg. of neutral 17-ketosteroid and 115 mg. of solids, 
which indicated that 24 per cent of the total neutral 17-ketosteroid had 
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been hydrolyzed in the course of fractionation. The aqueous phase con- 
tained 180 mg. of solids and assayed 65 mg. of neutral 17-ketosteroid. 
Therefore 52 per cent of the butanol-soluble, conjugated neutral 17-keto- 
steroid in this experiment was still present in the butanol phase after six 
alkaline and fifteen aqueous extractions, in contrast to the normai male urine 
in which but 10 per cent remained after similar treatment. 

The aqueous solution (200 ml. volume) was warmed on the steam bath 
for 20 hours with 500 mg. of semicarbazide hydrochloride and 620 mg. of 
sodium acetate-3H,O. The precipitate was collected by centrifugation, 
hydrolyzed by boiling for 30 minutes with 100 ml. of 0.5 n HCl, and the 
neutral fraction isolated as usual. The neutral fraction assayed 50 mg. of 
17-ketosteroid and was directly sublimed in a high vacuum at 85° and the 
crystalline sublimate converted to the benzoate. 31 mg. of product were 
obtained which after one recrystallization from methanol melted at 249- 
251° and gave no depression when mixed with an authentic specimen of 
dehydroisoandrosterone benzoate. The residue in the retort was again 
sublimed in a high vacuum and a second crystalline sublimate obtained on 
heating to 120°. This was likewise converted to the benzoate and 14 mg. of 
dehydroisoandrosterone benzoate were isolated after one crystallization 
from methanol. The oily residue in the retort gave no further sublimate 
even after being heated to 160°. The crystalline benzoate isolated ac- 
counts for 33 mg. of dehydroisoandrosterone or 25 per cent of the conjugated 
neutral 17-ketosteroids which were initially extracted by butanol. 

Because of the pressure of other work, the aqueous extracts were not 
investigated. 


DISCUSSION 


The experiments we have reported demonstrate conclusively that dehy- 
droisoandrosterone is excreted in normal male urine, at least in part, as an 
ester of sulfuric acid. In our experiments the fraction which precipitated as 
the semicarbazone represented 20 per cent of the conjugated neutral 17- 
ketosteroids (Table IV). It should, however, be borne in mind that de- 
hydroisoandrosterone whether free or conjugated is more labile than the 
saturated 17-keto urinary steroids and therefore the results of isolation 
experiments, digitonin separations, and the like yield minimal figures. 
There is considerable justification, therefore, for accepting the view that 
this fraction consists principally of dehydroisoandrosterone. First of all we 
were unable to isolate any substance other than dehydroisoandrosterone. 
While this by itself is inconclusive, it should be noted that in the case of the 
woman receiving dehydroisoandrosterone parenterally a very good recovery 
(25 per cent of the conjugated neutral 17-ketosteroid extracted by butanol) 
was made from this fraction in an experiment which was in no sense quanti- 
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tative. Then again the experiments of Talbot, Ryan, and Wolfe (1) in which 
sodium dehydroisoandrosterone sulfate was added to normal urine have a 
bearing on this question. In the control samples, to which no 17-ketosteroid 
was added, their BaCl, hydrolytic method indicated that the 8-hydroxy neu- 
tral 17-ketosteroid fraction from five pooled specimens of fresh adult urine 
contained from 0.0 mg. to 5.8 mg. per liter. Assuming an average value of 
20 mg. of 17-ketosteroid per liter of urine (unfortunately this value was not 
given in their paper), the results would indicate that the 8-hydroxy neutral 
17-ketosteroid fraction of normal urine varied between 0.0 and 29 per cent, 
with an average of 14 per cent. While these calculations are subject to 

















Tasie IV 
Quantitative Distribution of Conjugated Neutral 17-Ketosteroids 
Approximate 
Fraction pees < Characteristics 
steroid 
per cent 
A* 20 | Extracted from butanol by aqueous sodium bicarbonate 
| solution 
B 15 Extracted next from butanol by aqueous sodium hy- 
| droxide above pH 9 
Cc 35 | Extracted next from butanol by water below pH 9 and not 
| pptd. by semicarbazide acetate 
D 20 | Extracted from butanol by water below pH 7.5 and pptd. 
| a8 semicarbazone; mainly sodium salt of sulfuric acid 
| ester of the semicarbazone of dehydroisoandrosterone 
Et 10 Free, ether-soluble, 17-ketosteroid 





* This fraction should probably be included in Fraction C, since the bicarbonate 
was neutralized by acids extracted from urine with butanol. 
+ This free steroid probably is liberated in the course of the treatment of large 


amounts of material. 


error, in general they suggest a high value for the 8-hydroxy-17-ketosteroid 
fraction and together with our experiments indicate that a considerable 
portion of this is dehydroisoandrosterone. 

Although the amount of dehydroisoandrosterone recovered after par- 
enteral administration in our experiments was quite large, it is questionable 
whether our procedure is of general applicability for pathological as well as 
normal urine. Since androsterone sulfate forms a water-insoluble semi- 
carbazone (7), colorimetric assay or bioassay of this fraction unsupported by 
isolation of the steroid could yield extremely misleading results. This 
caution is, by the same token, justifiable in our figure of the amount of 
dehydroisoandrosterone present based on the insoluble semicarbazone 
fraction, for the product was purified by several precipitations before isola- 
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tion of the steroid was attempted. Further work by a variety of pro- 
cedures is necessary before the amount of dehydroisoandrosterone nor- 
mally present in urine can be satisfactorily ascertained. 

The problem of hydrolysis still presents some vexing aspects. It has 
been repeatedly demonstrated that acid hydrolysis of urine destroys or 
modifies certain of the neutral steroids in one way or another. Venning, 
Hoffman, and Browne (7) were unable to recover a substantial portion of 
androsterone known to be present as the sulfate after acid hydrolysis. It 
should be noted that the data of these authors showed that the method of 
Peterson, Gallagher, and Koch (12) invariably gave a higher recovery than 
other procedures, although even by this method 17 to 43 per cent was 
lost. Similar experiments by Talbot et al. (1) indicate that dehydroiso- 
androsterone sulfate is also altered. It is possible that in our experiments 
the presence of the steroid as a semicarbazone had a stabilizing influence, 
since an intact hydroxyl group after hydrolysis was demonstrated by the 
formation of the benzoyl derivative. 

Our results with the urine from Dr. Kenyon’s patient who had received 
dehydroisoandrosterone acetate daily for 10 days have an interesting 
bearing on the metabolism of this compound. As we have indicated, our 
experiments were not quantitative; yet from the residual butanol after six 
alkaline and fifteen aqueous extractions we were able to isolate 25 per cent 
of the total conjugated steroid initially extracted by butanol as the crystal- 
line benzoate. It is scarcely to be doubted that a much greater quantity of 
dehydroisoandrosterone could have been obtained had the late aqueous 
extracts and the hydrolyzed or “free” 17-ketosteroids been more carefully 
examined. In addition the rather large amount of “free’’ 17-ketosteroids 
found in this experiment suggests that this fraction contained a considerable 
amount of dehydroisoandrosterone. The conclusion is therefore inescap- 
able that the greater portion of the compound was not metabolized further 
but was excreted unchanged. This is similar to the situation with ad- 
ministered androsterone, since Dorfman and Hamilton (13) have shown that 
at least 24 per cent of that substance can be recovered unaltered from the 
urine. It is therefore unlikely that dehydroisoandrosterone is an essential 
intermediate in the metabolic conversion of testosterone to androsterone 
(ef. Koch (14)). 

The fractionation of the butanol extract suggests that there are three 
distinct classes of conjugated urinary steroids in male urine. One is readily 
extracted from butanol by aqueous alkali; a second is more soluble in water 
below pH 9 than in the more alkaline solutions and does not form a difficultly 
soluble derivative with semicarbazide; the third is more soluble in n- 
butanol than in water and yields a difficultly soluble semicarbazone. The 
quantitative distribution of these fractions is shown in Table IV. It might 
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be suggested that these fractions indicate different methods of conjugation 
and we believe this to be the fact. However, to draw a definite conclu- 
sion would be premature and we hope that further work will clarify our 
knowledge. 

SUMMARY 


Fractionation of an n-butanol extract of adult male urine shows that the 
conjugated neutral 17-ketosteroids fall into three types. One is extracted 
from n-butanol by aqueous alkali; a second is readily extracted from n- 
butanol by water below pH 9 and is not precipitated from aqueous solution 
as the semicarbazone; a third is more soluble in butanol than in water and 
forms an insoluble semicarbazone from aqueous or ethanol solution. From 
the last fraction a substance identified as the semicarbazone of sodium 
dehydroisoandrosterone sulfate was isolated. Upon acid hydrolysis this 
compound yielded dehydroisoandrosterone which was identified as the 


benzoate. 
In normal urine dehydroisoandrosterone is to a considerable extent 


excreted as an ester of sulfuric acid. 
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THE CIRCULATION OF PLASMA PHOSPHOLIPIDS: THEIR 
TRANSPORT TO THORACIC DUCT LYMPH* 


By W. O. REINHARDT, M. C, FISHLER, ano I. L, CHAIKOFF 


(From the Divisions of Anatomy and Physiology, University of California Medical 
School, Berkeley) 


(Received for publication, November 1, 1943) 


Two phases of the metabolism of plasma phospholipids have been dealt 
with recently: (1) their site of formation and (2) their rate of removal from 
plasma and transfer to various organs. Plasma phospholipids are formed 
almost exclusively in the liver (1). Although such tissues as kidney and 
small intestine also synthesize these compounds, they are not available to 
the plasma (1). The removal of phospholipids from plasma was studied by 
Zilversmit etal. 5 hours after the introduction of labeled phospholipids into 
the blood stream of the dog, these workers recovered 76 to 83 per cent of 
them in plasma, red blood cells, liver, kidney, small intestine, spleen, and 
muscle (2). As much as 40 to 50 per cent of the injected labeled phos- 
pholipids had, however, disappeared from the plasma. Approximately 
one-third of the phospholipids lost from the plasma was found in the liver. 

The fate of the plasma phospholipids that enter the liver, kidney, small 
intestine, muscle, ete., remains to be determined. It is shown here that a 
portion of these phospholipids reaches the lymphatic channels. Radio- 
phospholipids were injected into the blood stream of the dog and their 
recovery in lymph of the thoracic duct demonstrated. These observations 
show that a measurable portion of the phospholipids that leave the plasma 
passes through one or more tissues on its way to the lymph channels and 
from these is returned to the plasma. 

The question as to whether phospholipids can pass a capillary membrane 
has been frequently considered but not settled (3). The demonstration here 
that labeled plasma phospholipids are rapidly transferred to thoracic duct 
lymph leaves no further doubt that capillary membranes or sinusoid walls 
are permeable to phospholipid molecules. 


. EXPERIMENTAL 


Donor dogs received intraperitoneally an isotonic solution of Na,HPO, 
containing from 2 to 2.5 millicuries of radiophosphorus. At a single in- 
terval thereafter (27 to 48 hours) the dogs were exsanguinated by means of 
a cannula introduced into the femoral artery. Approximately 1 cc. of 0.5 
per cent procaine hydrochloride was used as a local anesthetic. The donor’s 


* Aided by a grant from the Commonwealth Fund. 
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blood was centrifuged for 30 minutes at 2200 r.p.m. and the plasma drawn 
off. This plasma, which contained radiophospholipid, was injected into 
the recipient. 

At the time that the donor’s blood was being centrifuged, the preparation 
of the recipient was begun. After this dog had been anesthetized by the 
intraperitoneal injection of 30 mg. of nembutal per kilo, the thoracic duct 
was exposed and a heparinized, Pyrex glass cannula inserted into it. 
90 to 100 cc. of the donor’s plasma were then injected into the exposed 
femoral vein of the recipient. In the case of Dog 1 (Table I) the collection 
of lymph was not begun until 135 minutes after the plasma had been in- 
jected, whereas in Dogs 2 and 3 the collection of lymph was begun before 
the labeled plasma was injected. 

Blood obtained from the femoral vein of the recipient was centrifuged for 
10 minutes at 3500 r.p.m. The plasma was removed and analyzed for 
phospholipid P®. Lymph was centrifuged before samples of it were taken 
for analysis. Heparin was used as an anticoagulant for plasma and lymph. 

5 ec. samples of lymph or plasma were pipetted slowly into 150 cc. of 
Bloor’s solution (3 parts of 95 per cent ethyl alcohol and 1 part of ethyl 
ether) and extracted on a hot water bath at 56° for 2 hours. A second ex- 
traction with about 100 cc. of solvent was carried out for l‘hour. The ex- 
tracts were filtered into Kjeldahl flasks and the residue reextracted with 
ethyl ether for 8 hours in a Soxhlet apparatus. The combined extracts were 
then concentrated in vacuo at 56°. The last stages of the concentration 
were carried out in an atmosphere of CO,. The concentrates (about 1 ce. 
of material) were then extracted with petroleum ether. The phospholipids 
were precipitated from aliquots of the petroleum ether extracts and their 
P® content determined by the method of Perlman et al. (4). 


Results 


Dog 1 received intravenously 100 cc. of plasma containing a total of 
759,200 counts per minute as phospholipid. The first sample of lymph was 
obtained during the first 36 minutes after the injection of the radiophos- 
pholipid; this sample already contained over 2000 counts per minute or 94 
perce. Lymph was collected from this dog for a total of 6 hours; the total 
lymph collected contained in all 28,600 counts. At the end of the 6 hours, 
the plasma contained 504 counts per minute per cc. If it be assumed that 
plasma represents 5 per cent of the body weight, the plasma still contained a 
total of 452,000 counts per minute at the end of this period of observation. 
Approximately 9 per cent of the radiophospholipid that left the plasma 
was recovered from the lymph collected from the thoracic duct. 

By a similar calculation, it can be shown that approximately 21 per cent 
of the labeled phospholipid injected into the blood stream of Dog 2 was 
contained in the lymph recovered from the thoracic duct in 3 hours. 
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P® was contained in the injected plasma in compounds other than phos- 
pholipids. The following calculation shows, however, that the conversion 


Taste I 

Recovery of Injected Plasma Radiophospholipid in Thoracic Duct Lymph 
Dog 1 received a total of 759,200 counts per minute in 100 cc. of plasma; Dog 2 
received 766,000 counts per minute in 100 cc. of plasma; Dog 3 received 403,000 
counts per minute in 90 cc. of plasma. Lymph samples were not collected in Dog 1 
until 135 minutes after the injection of the radiophospholipid. 





























Lymph Plasma 
| Phospholipid Pe enpeened 
Dog No. | Interval after Total lymph| Rate of | sudienctive qoute per min. Po expected 
ot plasma | collected | flow |” | vec eect | commie per” 
} Perce. | sample min. per cc. 
| collected 
min. ce. cc. per min. 
1 (17.9 kilos) | Before 9.9 | 0.49 
| 4 before to | 
| 40after | 23.9 | 0.54 4 2250 
|  40- 90 26.4 0.53 216 | 5680 
| 90-153 23.3 | 0.37 251 | 5850 937 
| 153-214 23.9 | 0.39 213 | 5100 806 
214-244 13.4 | 0.45 191 2560 
244-272 | 13.3 | 0.47 191 | 2540 
272-319 13.2 0.28 167 | 2220 
319-359 13.6 | 0.34 178 2420 504 
2 (15.5 kilos) | 19-10 be- 
fore 4.9 0.54 
5- 19 13.7 0.98 0 0 
19- 37 14.8 | 0.82 50 740 
37-52 | 14.5 0.97 110 1596 1150 
52-68 | 14.6 0.91 118 1723 
68- 8 | 14.6 0.86 142 2073 
85-104 14.3 0.75 140 2000 683 
104-127 | 14.6 0.64 137 2000 
| 127-147 14.3 0.71 127 1817 
147-171 | 15.5 0.65 139 2155 
171-187 | 11.1 0.69 139 1542 893 
3 (8.6 kilos) 32 984 
62 863 
135-137 | 2.0 |. 1.0 | 375 750 | 
| 160-197 8.3 0.22 | 215 | 178% | 760 
| 197-307 9.0 | 0.08 | 205 | 2654 | 788 











of non-phospholipid P® present in the plasma to phospholipid P® could not 
account for an appreciable amount of the radiophospholipid recovered from 
the thoracic duct lymph during the intervals studied here: dogs were 
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injected intravenously with inorganic phosphate containing P® and lymph 
collected from the thoracic duct for the next 4 hours; the amount of radio- 
phospholipid recovered per cc. of this lymph was 3 X 10~ per cent of the 
injected P®. In the experiments recorded in Table I approximately 400,- 
000 to 800,000 counts per minute of phospholipid P® were contained in the 
plasma introduced into the blood stream. At most, an equal amount of 
P® was also present in the form of inorganic phosphate. Hence the phos. 
pholipid P® formed at the expense of the inorganic P® contained in the 
injected plasma was (800,000 XK 3 « 10-*)/100 or 0.2 count per minute per 
ec. of lymph. 
Comment 


The réle of thoracic duct lymph as a transport medium for phospholipid 
lost from plasma is shown by the total amounts of radiophospholipid re- 
covered in the lymph. Over 20 per cent of the radiophospholipid that left 
the blood stream of Dog 2 in 3 hours was recovered in the lymph that 
drained from the thoracic duct; over 9 per cent was recovered from Dog 1 
in 6 hours. Thus thoracic duct lymph serves as a medium for the return 
to plasma of a significant fraction of the phospholipid lost from plasma. 

The rapidity by which plasma phospholipid can be transferred to thoracic 
duct lymph is shown by the finding of radiophospholipids in a lymph sample 
obtained during the first 37 minutes after the injection of labeled phos- 
pholipids into the blood stream (Dog 2). Although the passage of phos- 
pholipid molecules across a capillary or sinusoid wall can no longer be 
questioned, the results obtained here provide no information as to the 
organ or tissue in which this transfer occurs. 


SUMMARY 


1. A rapid transfer of plasma phospholipids to thoracic duct lymph is 
demonstrated. Radiophospholipid was injected into the blood stream of 
the dog and subsequently recovered in lymph obtained from the thoracic 
duct. 

2. In the experiments recorded here, 9 to 20 per cent of the injected radio- 
phospholipids that left the plasma in 3 to 6 hours appeared in the thoracic 
duct lymph. Approximately these amounts would have been returned to 
the plasma if this lymph had not been diverted. 
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THE MICROBIOLOGICAL DETERMINATION OF AMINO 
ACIDS 


I. VALINE AND ARGININE 
By J. RAYMOND McMAHAN anv ESMOND E. SNELL 


(From The University of Texas, Biochemical Institute, and the Clayton Foundation for 
Research, Austin) 


(Received for publication, October 23, 1943) 


Studies by various workers (1-4) on the amino acid requirements of 
lactic acid bacteria have shown that these are usually complex. The de- 
velopment and successful use of assay methods for several vitamins based 
upon growth or acid production of lactic acid bacteria early suggested use 
of these organisms as assay agents for the determination of amino acids. 

Knowledge of the non-amino acid nutrition of members of this group of 
bacteria has progressed to the point where it is possible to design a medium 
which contains essentially only substances of known chemical compo- 
sition and which will support luxuriant growth of various members of the 
group. Early attempts to use such a medium for the estimation of a given 
amino acid indicated that the response to the amino acid might not be 
completely specific. Modification of the medium and conditions elimi- 
nated this uncertainty, however, and in this and a subsequent paper de- 
tails are given for the quantitative determination of several amino acids 
as they occur in protein hydrolysates. 

The method developed has several advantages. The laborious separa- 
tions often necessary in protein analysis are eliminated. Essentially one 
method and one set of equipment suffice for determination of several amino 
acids. The method is unusually sensitive; hence the amount of protein 
hydrolysate necessary is very small in comparison with that necessary for 
analysis by more customary procedures. Analyses for a single amino acid 
ean be carried out at several levels on the hydrolysate from less than 1 mg. 
of protein. The method is also applicable to a number of amino acids, 
such as leucine, valine, alanine, ete., for which no accurate chemical 
methods are at present available. 


EXPERIMENTAL 


Cultures and Inoculum—Stock cultures of the organisms to be used are 
carried as stab cultures in yeast extract-glucose-agar (1 per cent glucose, 
1 per cent yeast extract, 1.5 per cent agar). Duplicate tubes of each 
organism used are incubated for 24 to 48 hours at 30-37°, then held in the 
refrigerator. One culture is reserved for use in preparing inocula from day 
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today. At the end of 2 weeks, and at 2 week intervals thereafter, two more 


stab cultures are prepared from the unused culture; the old cultures are | 


discarded, and the new cultures used in a similar manner in their place, 
Lactobacillus casei was the principal organism used in the present investi- 


gation; Lactobacillus arabinosus 17-5 was used in a few experiments (Table 


III). 

Inoculum for use in assay tubes is grown in a special medium. This 
medium contains per liter 5 gm. of Bacto-peptone, 1 gm. of Bacto-yeast 
extract, 10 gm. of sodium acetate, 10 gm. of glucose, and 5 cc. each of in- 
organic salt Solutions A and B.* 

Of this medium, 10 cc. portions are placed in tubes which are plugged 
with cotton, sterilized 15 minutes at 15 pounds steam pressure, and stored 
until needed. 18 to 24 hours before the inoculum is to be used, a transfer 
is made from the stock culture to a tube of the inoculum medium, which 
is then incubated at 32° until used. 

Basal Medium—The basal medium for the assay of amino acids is shown 
in Table I. All solutions were covered with a thin layer of toluene and 
stored in the refrigerator. Solutions 1 and 3 are stable for months; Solu- 
tion 2 should be renewed at intervals of approximately 1 month. The use 
of two solutions for the various amino acids is arbitrary. It was found 
convenient to incorporate each of the amino acids not required for growth 
on the above medium in Solution 1, which could be made up in large 
amounts. Each of the amino acids found essential for growth of one or 
another of the organisms tested was incorporated in Solution 3. A sep- 
arate Solution 3 is then made up for each amino acid to be determined, 
leaving out that particular amino acid, but including each of the others. 
Thus for work described in the present paper, two Solutions 3 were pre- 
pared, one which contained no valine, for valine assay, and one which 
contained no arginine, for arginine assay. 

Standard Solutions—The standard solution of arginine was prepared by 
dissolving [(+)-arginine monohydrochloride in water and diluting to a 
volume such that 1 cc. was equivalent to 50 y of I(+-)-arginine (60.5 y of 
l(+-)-arginine monohydrochloride). 

Owing to the difficulty involved in obtaining pure /(+)-valine, dl-valine 
was used as standard. Separate tests showed that d(—)-valine had no ac- 
tivity in promoting growth on the valine-free medium, while admixtures 


1 Cultures of these organisms may be secured from the American Type Culture 
Collection. Lactobacillus casei is No. 7469; Lactobacillus arabinosus is No. 8014. 

2 These solutions have the following composition: Solution A, KH,PO, 25 gm., 
K.HPO, 25 gm., water to make 250 cc.; Solution B, MgSO,-7H,0 10 gm., NaCl 04 
gm., FeSO,-7H,0 0.5 gm., MnSO,-4H,0 0.5 gm., water to make 250 cc. Solution B 
partly precipitates on standing; it should be shaken well before use. 
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Items I to V, mixed in the amounts designated, form the medium for 80 assay 


tubes. 
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TABLE I 


Basal Medium for Assay of Amino Acids 





I. Solution 1, 80 cc. 


Adenine sulfate........ 
Guanine 

Xanthine... 
Uracil........ 
l(—)-Cystine... 
Glycine...... 


l(—)-Hydroxyproline. .. 


dl-Isoleucine 
dl-Methionine. . 
dl-Norleucine 
dl-Norvaline.... 
dl-Phenylalanine...... 
l(—)-Tyrosine.. 
Ammonium sulfate. . 
Sodium acetate (an- 
hydrous). as 
Bolte Be. .Jé... axl 


10 mg. 
10 “ce 
10 re 

. 10 - 
100 "$ 
100 ° 
100 a 
200 “é 
200 oe 
200 “ce 
. .200 e 
200 “eé 
100 sé 
3.0 gm. 
Fe Bw 
5.0 ec. 


Dissolve by heating with water, 
cool, add NaOH to pH 6.8-7.0, 


dilute to 400 cc. 


II. Salts A, 2 cc. 
III. Glucose, 2 gm. 


| 








IV. Solution 2, 10 ce. 


V. 


p-Aminobenzoic 


TE vi i-o o> va 600 ¥ 
WR Os. sca ecs. 0.4“ 
Calcium panto- 

thenate........ 200“ 
Nicotinic acid....200 ‘“‘ 
Pyridoxine hydro- 

chloride........ 600“ 
Riboflavin........200 “ 
Thiamine 

chloride .......200 “ 
Folic acid*........ 800 mg. units 
Choline chloride... 5.0 “ 
neta... 3... ee 
Water to make...100 cc. 

Solution 3, 10 ee. 
dl-Alanine........ 200 mg 
1(+)-Arginine 

monohydro- 

chloridef...... — 
l(+)-Aspartic 

EE (aks. 0:+ c wae 400 =“ 
l(+-)-Glutamic 

BO tlircie na 1000s ** 
l(—)-Histidine....100 “ 
l(—)-Leucine.....100 “ 
1(+)-Lysine....... 100s ** 
1(—)-Proline......100 “ 
di-Serine.......... 200 «= 
dl-Threonine ..... 200 +«=—“ 
l(—)-Trypto- 

phane.......... _— oS 
dl-Valinef........ we: 
Dissolve in 30 ec. water, add 


NaOH to pH 6.8-7.0, dilute to 


50 ee. 





* Any concentrate of ‘‘potency’’ 1000 or greater is suitable (Mitchell, Snell, and 


Williams (5)). 


Material of potency 3000 was used in the present investigation. 
800 mg. units of this material weigh 800 + 3000 = 0.27 mg. 


+ When the medium is used for valine assay, valine is left out of this solution; 


when it is used for arginine assay, arginine is left out of the solution, etc. 


palin Ste so mnt aptaets” 5 sui 


NM io tem se 4 ot alia As sh 


=o 


— 














86 DETERMINATION OF AMINO ACIDS. I 


of it with 1(+)-valine had exactly the activity of the /(+)-valine alone. 
The standard solution of valine was prepared by dissolving dl-valine in 
water and diluting to a volume such that 1 cc. contained 100 y of 1(+)- 
valine (200 y of dl-valine). 


Procedure 


Lipless, Pyrex test-tubes, 22 X 100 mm., with 2 mm. walls were found 
convenient and were used in the experimental work reported here. Stand- 
ard size test-tubes (16 & 150 to 20 X 150 mm.) of uniform dimensions may 
also be used. These tubes were supported in wire racks in which they 
were autoclaved and incubated. 
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MICROGRAMS OF 1@)-VALINE 
Fic. 1. Typical standard curve for assay of valine 


suitable aliquots of the standard solutions or protein hydrolysates were 
now added to the tubes. To establish the standard curve for valine (¢. 
Fig. 1) points at the following levels were used: 0, 0, 2.0, 2.0, 4.0, 4.0, 6.0, 
8.0, 10.0, 12.0, 14.0, and 16.07 of l(+-)-valine. With arginine, points used 
to establish a standard curve were 0, 0, 1.0, 1.0, 2.0, 2.0, 3, 4, 5, 6, 7, and 8 
7 of i(+-)-arginine (cf. Fig. 2). In each case, protein hydrolysates were 
taken in the quantities calculated to yield at least six points which would 
fall on the standard curve. 

Two procedures have been commonly used. In Procedure A, the stand- 
ard solutions of amino acids and the protein hydrolysates were so diluted 
that ordinary 1 or 2 cc. pipettes, calibrated at 0.1 cc. intervals, could be 
used. Total volumes up to 1.2 cc. were used; the volume in each tube was 
then adjusted where necessary to 1.2 cc. with water. 1.25 cc. of the ap- 
propriate basal medium, prepared as indicated in Table I, and adjusted if 
necessary to pH 6.8 to 7.0, were then added to each tube. 

In Procedure B, the standard solutions of amino acids were used un- 
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diluted, and more concentrated solutions of protein hydrolysates were used, 
so that the total volume added with the standard or protein hydrolysate 
sample did not surpass 0.2 cc. For this purpose, special pipettes* pre- 
pared from 0.2 ce. pipettes calibrated at 0.01 cc. intervals were used. When 
this method of introducing the sample was used, the volume of the added 
sample was disregarded. The basal medium prepared as indicated in Table 
I and adjusted if necessary to pH 6.8 to 7.0 was diluted with an equal 
volume of water. 2.5 cc. of the diluted medium were then added to each 
tube. A small amount of undissolved material occasionally present in the 
medium did not interfere in any way if uniformly suspended by shaking. 
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MICROGRAMS OF 1\@)-ARGININE 


Fig. 2. Typical standard curve for assay of arginine 


The assay tubes prepared by one of the above procedures were plugged 
with lint-free cotton in the usual manner.‘ The racks of tubes, together 
with necessary pipettes or syringes, were sterilized by autoclaving at 15 
pounds pressure for 15 minutes. After cooling to room temperature, the 
tubes were ready for inoculation. 


? A small bubble about twice the diameter of the original capillary is blown near 
the tip of the pipette. This is then drawn out to form a needle-like tip about 30 mm. 
long. The top of the pipette is then cut off about 40 mm. above the top graduation 
and polished. The pipettes were operated by a 1 cc. hypodermic syringe of the ‘‘in- 
sulin’’ type, attached to the pipette by a 50 mm. piece of pressure tubing slipped part 
way over the barrel of the syringe. A thin coating of light petroleum jelly on the 
plunger insures smooth operations. With a little practice, volumes of 0.01 to 0.2 ce. 
can be delivered accurately and rapidly with this equipment. 

‘In some tests, the racks were simply covered with clean laboratory towels, 
folded in such a manner that each tube was covered by eight layers of cloth. Extra 
precautions are necessary to prevent contamination when this is done; if these are 
taken, trouble is rarely encountered, and the procedure is much faster than that or- 


dinarily used. 
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Cells from the inoculum culture, described above, were centrifuged down, 
The supernatant liquid was removed, and the cells resuspended in 10 ce. of 
sterile 0.9 per cent sodium chloride solution. 0.2 to 0.5 cc. of this suspen- 
sion was then transferred to another 10 cc. of sterile saline solution. Each 
assay tube was inoculated by sterile pipette or syringe (6) with 1 drop of 
the latter suspension. The tubes were incubated in a water bath at 32° + 
0.1° for 72 hours. 

Subsequent treatment depends upon the method chosen for measuring 
the growth response. If titration or pH measurements are to be used, these 
are carried out directly on the contents of each tube. With few excep- 
tions, we have employed turbidity measurements. The contents of each 
tube were diluted with 5 cc. of water delivered from an automatic pipette. 

Zach tube was shaken vigorously and then allowed to stand a few moments 
for air bubbles to rise and break. Just before being read, the tube was 
inverted carefully a few times, and the contents were poured into the cell 
of the measuring instrument. The thermocouple turbidimeter (7) was 
employed almost exclusively for this purpose, but trial runs with the Evelyn 
photoelectric colorimeter and an Aminco type F photometer showed these 
instruments also to be suitable; presumably any good photoelectric instru- 
ment would serve. With the turbidimeter, the galvanometer was set to 
read zero when distilled water was in the cell, 100 when the cell contents 
were completely opaque. 

Samples of typical standard curves obtained are shown in Figs. 1 and 2. 
Similar curves must be obtained with each assay, and values for the con- 
tent of a particular amino acid in the protein hydrolysate are obtained by 
interpolation on the corresponding standard curve. From this, the per- 
centage of amino acid present in the original protein is calculated (ef. 
Table Il). The curves for valine and arginine are usable over the entire 
range above the first point (2 y for valine, 1 y for arginine). 

Preparation of Samples—The following proteins were used in this study: 
Labco vitamin-free casein, Knox gelatin, lactoglobulin, egg albumin, horse 
hemoglobin (once recrystallized), horse hemoglobin (recrystallized three 
times), and silk fibroin. The last five pure proteins were kindly supplied 
by Dr. Max Bergmann. 

A preliminary survey of hydrolysis conditions necessary to liberate a 
maximum amount of a given amino acid from casein was made. 100 mg. 
of casein were placed in each of sixteen Pyrex test-tubes. To separate 
sets of four tubes each was added 1 ec. of 2, 5, 10, and 20 per cent hydro- 
chloric acid. The tubes were sealed in an oxygen flame; then one tube 
of each acid concentration was autoclaved at 15 pounds pressure for 2, 4, 
6,and 8 hours. The resultant hydrolysates were assayed microbiologically 
for threonine. Results with 10 and 20 per cent acid were highest, and 
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showed little difference at the various times. Values for the 2 per cent 
acid approached those given by 20 per cent acid when hydrolysis was con- 
tinued for 8 hours. Later another experiment was carried out with 2 and 
10 per cent hydrochloric acid and autoclaving times of 2, 4, 6, 8, 10, and 24 
hours. Assays were run on each of the hydrolysates for each of the twelve 
amino acids listed in Solution 3, Table I, except tryptophane and proline. 
With most of these the values obtained after 6, 8, 10, and 24 hours of hy- 
drolysis were almost identical whether 2 per cent or 10 per cent acid was 
used. The indicated valine content continued to increase slightly over long 


Tasie II 
Assay for Valine in Labco Vitamin-Free Casein 


Assay organism, Lactobacillus casei. 





| 














Valine added = hydrolysate es | Valine present ber y= ag 
Y Y Y per cent 
0 10.1 40 17.9 2.75 6.9 
0 10.8 | 60 20.2 3.75 6.3 
2 16.0 60 | 20.8 | 4.00 6.7 
2 16.2 80 | 23.2 | 5.25 6.6 
4 20.8 | 9 | 23.0 5.15 6.4 
4 0.5 | 100 | 25.9 6.70 6.7 
6 | 2.6 | 100 | 2.3 | 6.96 7.0 
8 | 28'S] me he. ee | 7.90 6.6 
ae | 28.0 | 7.85 6.5 
12 32.9 | 140 29.7 | 9.10 6.5 
14 eee * fee ww 6] [66 Ba 9.10 6.5 
16 , oar 160 31.2 | 104 6.5 
160 31.1 | 10.4 6.5 
ND... . 5. « ois a pmunoie + Apis nies sedieeeieh eiies mth > iaeeie ees 6.6 











periods of time, however; and since there was apparently little destruction 
by prolonged time and high acid concentration, 10 per cent hydrochloric 
acid and 10 hours autoclaving time were selected for general use. 

100 mg. of each of the above proteins were hydrolyzed by this procedure. 
The tubes were cooled and opened, and the hydrolysates washed out with 
about 95 cc. of water, adjusted with sodium hydroxide to pH 6.8 to 7.0, and 
diluted to a final volume of 100 cc. 

The above method is well adapted to handling very small quantities of 
material without loss. By using small Pyrex tubes and the micro balance, 
quantitative assays for various amino acids have been obtained on protein 
samples of 1.5 to 3.0 mg. 

Results of Assays—Detailed results of an assay of casein for valine are 
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given in Table II. The number of points included in the assay is greater | 


than ordinarily run to give a better idea of the degree of variation encoun- 
tered. A similar assay for arginine at casein levels varying arithmetically 
from 40 to 160 y per tube, with use of the standard curve plotted in Fig. 2, 
gave percentage values for arginine in casein of 4.0, 3.8, 3.6, 3.6, 3.8, 3.4, 
3.4, 3.5, 3.5, 3.5, 3.5, and 3.8, average 3.6. 

The precision and probable accuracy of the test have been tested in 
various ways. To see how closely single points could be duplicated, a 
valine test was set up which contained twenty-four tubes, each containing 
80 y of casein hydrolysate. The average deviation from the mean reading 
was 0.4 galvanometer division. From the standard curve this deviation 
represented 0.19 y of valine; since 80 y of casein contain about 5.4 y of val- 
ine, this represents an average deviation of less than 4 per cent of this 
value. 








Tase III 
Recovery Experiments in Valine Assay; Comparison of Test Organisms 
Valine found 
Assay organism Recovery 


| Casein + 6.00 per 


Casein alone cent added valine 





per cent per cent | per cent 
Lactobacillis arabinosus 6.86 12.88 100 
y caset 6.72 12.92 103 


6.80 12.79 100 





To test the reproducibility of assay values from one test to another, a 
series of six assays for valine was run over a period of 2 months. Different 
standard solutions, different pipettes, and different batches of medium 
were used in some of these assays, but the same casein hydrolysate was 
used throughout. The per cent valine found in each assay was as follows: 
6.72, 6.66, 6.90, 6.46, 6.80, 6.62, average 6.69. The average deviation from 
the mean was 0.11 or 1.6 per cent of the mean. 

Other indications of the reliability of the method may be obtained from 
recovery experiments, from agreement in results obtained with different 
test organisms, and from comparison of assay values obtained with others 
reported in the literature. Table III gives recovery experiments for valine 
with both Lactobacillus casei and Lactobacillus arabinosus as test organisms. 
For valine assay, there is little to choose between these two organisms. 
Results are in excellent agreement, and recovery of added valine is quan- 
titative. In Table IV, recovery experiments with arginine are recorded. 
With both casein and gelatin, recovery of added arginine is satisfactory. 

The results of assays for valine and arginine in the various proteins used 
are shown in Tables V and VI. Most of the values recorded in the litera- 
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Taste IV 
Recovery Experiments in Arginine Assay 


Assay organism, Lactobacillus casei. 
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Protein hydrolysate Sample No. | Arginine added | Arginine found Recovery 
iid per cent per cent per cent 
Casein | I 0.00 3.93 
4.00 8.30 109 
| II 0.00 3.55 
4.00 7.22 92 
Gelatin I 0.00 9.13 
5.00 13.95 96.5 
II 0.00 8.55 
10.00 18.50 99.5 
TABLE V 
Microbiological Values for Valine Content of Proteins 
Assay organism, Lactobacillus casei. 
Valine content, per cent 
Protein 
Assay I Assay II Average 
SS OO LE LTE EE RE. 6.7* 
RIL... soins o he boson an eeeh Genes hae 6.86 6.79 6.8 
“SRR. Be ee ee 3.11 3.31 3.2 
Horse hemoglobin (once recrystallized)..... 9.18 8.91 9.0 
» 2 (3 times recrystallized) . . 8.86 8.77 8.8 
ONG. 6)... 2 0's os nied Sid «SUE aU EN 6.05 5.56 5.8 
FFE PE PO Fe PF TEE, 2.68 2.66 2.7 
* Average of six determinations. 
Taste VI 
Microbiological Values for Arginine Content of Proteins . 
Assay organism, Lactobacillus casei. 
. Biblio- 
aha: Arginine content Values from c 
Assay I | Assay II | Average No. 
per cent per cent per cent per cent 
Labeo casein..................-... 3.81 3.61 3.7 3.72 8 
NE 7, a0 wuts ve | von bea 5.79 5.49 5.6 5.66, 5.6 8,9 
Ss... oo nc cv ckoahunnaie 0.98 0.96 0.97 | 0.95, 0.76; 10,8 
Horse hemoglobin (once recrystal- 
TD Ss cacwtet cot ccesadn sean 3.47 3.53 3.5 3.59 8 
Horse hemoglobin (3 times recrys- 
INO 3: isa « din dae dale Gebel 3.23 3.47 3.4 3.59 8 
Lactoglobulin..................... 2.92 2.90 2.9 2.89 11 
SD: CURIE), . os oc ov edu cuaebanan 9.56 9.06 9.3 9.34, 9.1 12,9 
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ture for valine have been obtained by the ester method, which Vickery (13) 
states is unreliable. Although it is easy to find figures supporting the 
assay values for valine found microbiologically, these are not given, since 
it would be equally easy to quote figures to agree with other very different 
values. In the case of arginine, however, for which reliable chemical 
methods are available (13), results obtained by other workers are listed for 
comparison. Excellent agreement is evident, which indicates the reli- 
ability of the present method, not only as applied to arginine, but as 
applied to other amino acids as well. It was primarily to check reliability 
of the microbiological method that the determination of arginine was 
investigated. 


DISCUSSION 


It is well known that various lactic acid bacteria differ in their require- 
ments for certain vitamins and growth factors. This is true also of their 
amino acid requirements. Thus Lactobacillus casei is reported to grow 
without glycine or alanine (4), whereas Sireptococcus lactis R requires 
both of these amino acids for growth (3). The usefulness of this method 
for determining amino acids would thus be greatly enhanced if a medium, 
conditions for growth, and methods for measuring growth applicable to as 
large a number of organisms as possible were selected. The following 
features of the method were adopted in an attempt to do this: (a) incuba- 
tion at 32°, (b) turbidimetric measurement of the growth response to amino 
acids, and (c) selection of a medium as complete as present knowledge 
allows. A brief consideration of each of these factors may be helpful. 

While it has been customary in past methods to incubate Lactobacillus 
casei at 37°, many of the other organisms of use in microbiological methods 
for amino acids (Lactobacillus arabinosus, Lactobacillus pentosus, Leuconos- 
toc mesenteroides, Streptococcus lactis) have a temperature optimum nearer 
30°. In practice, all of these organisms grow well at temperatures inter- 
mediate between the two extremes. It is more practicable to maintain one 
incubator at a temperature at which all of the organisms grow well rather 
than to maintain a number of different incubators. If equipment is 
available, however, there is no objection to the higher temperature (37°) 
for L. casei. Thus two parallel assays of casein, with L. casei as the test 
organism, one incubated at 32°, the other at 37°, yielded values for valine 
of 6.58 and 6.60 per cent, respectively, and the standard curves were almost 
exactly superimposable. 

Turbidimetric measurement of the growth response was selected because 
it is more rapid than titration and is applicable to organisms such as Strep- 
tococcus lactis and Leuconostoc mesenteroides which do not produce sufficient 
acid during growth for convenient titration. While it may be argued that 
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measurement of protoplasmic mass (turbidity), presumably directly de- 
pendent upon the concentration of an essential amino acid, is more logical 
than measurement of a more indirect function, such as acid production, in 
practice the two methods give identical results when acid production can 
be used. Thus acid titration (electrometric) of an assay with Lactobacillus 
casei on casein yielded an average value for valine of 6.63 per cent. Agree- 
ment between values obtained from duplicate tubes and at various assay 
levels was excellent. " 

Many of the amino acids present in the medium are not essential for 
growth of the test organisms. Growth of these organisms upon an other- 
wise adequate medium containing only the indispensable amino acids is 
not as heavy as when complete amino acid mixtures are used (4). Mix- 
tures containing each of the well recognized amino acids, on the other 
hand, support growth as well as do hydrolysates of complete proteins, such 
as casein. Antagonistic effects between amino acids, which occur fre- 
quently on media containing restricted mixtures of amino acids (4, 14), 
occur much less frequently when each of the known amino acids is used in 
fairly substantial quantity. The possibility that such antagonisms may 
occur must, however, be borne in mind when the method is applied to 
new amino acids. Asparagine, known to stimulate growth of Lactobacillus 
casei and other lactic acid bacteria (15, 16), was not added to the medium. 
Its effect is duplicated by glutamic acid (15) which is present in large 
amounts. Its addition does not alter assay results, but for certain pur- 
poses, such as assay of glutamic acid, application of the assay to enzy- 
matic protein digests, or to hydrolysates of unpurified natural materials, 
its addition is advisable. 

In the case of valine, and all other cases so far tested, the assay organisms 
have been able to use only the naturally occurring, / form of the amino acid. 
dl-Amino acids can be used in the basal medium interchangeably with 
natural amino acids, but when thus used they are added in double the 
quantity used for the natural acid. In application of the method with a 
new organism, or to a different amino acid, the configurational specificity 
of the test organism to the amino acid should be determined if possible 
error is to be avoided. 

Of the vitamins and growth factors included in the basal medium only 
choline and inositol have not been shown to be essential for some organism 
of the lactic group. A number of them (e.g. pyridoxine, riboflavin, thia- 
mine, folic acid) could be dispensed with if one of the less fastidious or- 
ganisms, such as Lactobacillus arabinosus, was used exclusively for assay. 

The effect of incubation time has been studied briefly. After a 3 day 
incubation period there is no tendency of values to “drift” upward or down- 
ward at increasing dosage levels. When the incubation period is shortened 
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to 24 hours, growth has not proceeded to completion and such drift be- 
comes evident, higher values being obtained at the low levels. 

In general, the values obtained are in somewhat better agreement with 
each other than when similar tests are used for vitamin assay. This is to 
be expected, since the substances to be determined constitute a larger 
proportion of the sample, and the sample itself does not contain so many 
materials likely to interfere with the assay. Preliminary attempts to apply 
the assay to hydrolysates of crude protein-containing materials, such as 
dried egg, dried pork, etc., indicate that the method may also be useful 
here. 

Slightly lower blanks are obtained if cells for inoculum are grown in the 
amino acid basal medium with a minimal amount of the amino acid to be 
determined. Assays secured with such inocula tend to be somewhat er- 
ratic, however. Much more regular results are obtained when the inocu- 
lum is grown in the special enriched medium recommended above. This 
probably indicates stimulative action by small amounts of a substance or 
substances not furnished in the basal medium, but carried over in adequate 
amounts by cells of the inoculum when these are grown in rich media. 
Kuiken et al. (17) in a preliminary note have indicated requirement for such 
a stimulative substance by Lactobacillus arabinosus when this organism is 
used for amino acid assay in a basal medium based on that of Snell and 
Wright (18). These authors also found isoleucine to be an essential 
amino acid for Lactobacillus arabinosus, a finding which did not appear from 
the above work. This discrepancy is most probably due to contamination 
of some of the natural amino acids used in the medium with minute amounts 
of isoleucine. Thus, with an essential amino acid required in the same 
amount as is arginine, a cumulative impurity of this amino acid amounting 
to only 0.14 per cent of the natural amino acids added per tube would be 
sufficient to furnish all of it required, and thus completely mask the re- 
quirement for it. Contamination of the natural amino acids with traces 
of other amino acids is the chief factor contributing to the high blanks ob- 
served in the assay of some amino acids. Obviously, the best way to cir- 
cumvent this situation is to replace the natural amino acids of the medium 
by synthetic products whenever these are available. 

The use of large quantities of amino acids in basal media for amino acid 
assay is expensive. Partly for this reason, the assay was carried out upon 
a 2.5 cc. scale rather than upon the more customary 10 cc. scale. The 
precision of the assay is not increased in any way by using the larger 
volume, while the ‘“‘micro” nature of the assay is influenced adversely; but 
there is no objection to using the larger volume, especially if acid titration 
is used to follow growth. Since growth on the medium is quite heavy, dilu- 
tion is advisable preliminary to making turbidity measurements, and the 
smaller volume is more convenient here. 
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A number of applications for the general method outlined in the present 
paper suggest themselves. Besides being applicable where more cus- 
tomary methods serve, its sensitivity should permit application to deter- 
mination of the amino acid composition of rarer proteins, for which data are 
extremely scarce at present. When the unnatural form of an amino acid 
is inactive, the method can be used to determine the rate of racemization 
as influenced by the presence of other optically active compounds. Whether 
amino acids are fully available to the organisms when combined in soluble 
peptides has not been determined; if so, analyses could be carried out on 
enzymatic digests of proteins. 


SUMMARY 


A medium and procedure are outlined for the quantitative determination 
of valine and arginine in protein hydrolysates, based upon their essential 
nature for Lactobacillus casei and Lactobacillus arabinosus. It is accurate, 
applicable to the detection of minute amounts of amino acids, and requires 
no extensive pretreatment of the protein hydrolysate. By suitable modi- 
fications of the basal medium, and the use of a number of organisms, the 
procedure is applicable to determination of several amino acids besides 
valine and arginine. Possible variations and applications of the technique 
are briefly discussed. 
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DETERMINATION OF THE IODINE NUMBER OF WHOLE PHOS- 
PHOLIPID 


By P. L. MacLACHLAN 


(From the Department of Biochemistry, School of Medicine, West Virginia University, 
Morgantown) 


(Received for publication, September 30, 1943) 


Direct determination of the iodine number of whole phospholipid, as de- 
scribed by Yasuda (1), has been found to give erratic and variable results 
(Boyd (2)). This has been confirmed by the author, and is apparently due 
to the presence of magnesium chloride in the chloroform solution of the 
phospholipid. Reliable and reproducible iodine numbers were obtained 
when the chloroform solution of phospholipid was evaporated to dryness 
and the phospholipid redissolved in chloroform prior to carrying out the 
determination. 

Boyd’s solution to this problem was to determine the iodine number of 
the phospholipid fatty acids following saponification and extraction with 
petroleum ether. However, it has been shown by Wilson and Hansen (3) 
that the phospholipid fraction of human blood serum contains a variable 
amount of unsaponifiable phospholipid, which averages about 19 per cent 
(range, 4 to 32 per cent) of the total phospholipid. This observation has 
been found by the author to be true for blood plasma and other tissues as 
well (Table I). Therefore, the use of the saponification procedure may 
introduce an appreciable error into the iodine number of phospholipid fatty 
acids. 

The use of moist ether to dissolve the phospholipid, as described by 
Bloor (4), followed by evaporation and re-solution in chloroform, has been 
found to give fairly reliable iodine numbers for whole phospholipid. How- 
ever, Kirk, Page, and Van Slyke (5), and more recently Sinclair and Dolan 
(6), have shown that some of the phospholipid from both blood and tissues 
does not redissolve in moist ether. The amount of ether-insoluble phos- 
pholipid was found to depend upon the amount of magnesium chloride used 
as well as upon the source of the phospholipid. All other conditions being 
constant, the percentage of ether-insoluble phospholipid was higher for 
blood plasma than for various other tissues. 


EXPERIMENTAL 


When chloroform was used to dissolve the phospholipid, as described in 
the procedure of Yasuda (1), unreliable iodine numbers were obtained. 
As will be shown later, reliable and reproducible iodine numbers were ob- 
tained when a 1:1 mixture of chloroform and ether was used, instead of 
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chloroform, as a solvent for the phospholipid. Experiments showed, 
however, that the chloroform-ether mixture did not dissolve the phos- 
pholipid as completely (92 per cent) as did chloroform (Table II). It was 
found, moreover, that 2:1 or 3:1 mixtures of chloroform and ether did not 
dissolve the phospholipid more completely than did a 1:1 mixture. 

Direct determination of the iodine number on a chloroform solution of 
phospholipid frequently resulted in very low titration values (0.02 to 0.15 


TaBLe I 


Unsaponifiable Phospholipid Content of Blood and Various Tissues, As Percentage of 
Total Phospholipid 


The figures in parentheses represent the range of values. 





< _ : Unsaponifiable phos- 
Source of phospholipid No. of samples pholipid 


4 21.6 (18.5-24,2) 








Blood plasma (dog)................ Sees he aan 
Red blood cells (dog)............. I 45.0 (43.4—47.8) 


; 4 
Smooth muscle (pigeon gizzard)................ 4 28.7 (19.6-42.0) 
oe “« (rabbit uterus)................. 4 38.2 (20.3-55.5) 
Skeletal muscle (rat)............0..cc0cceceseses 8 5.5 (2.4-12.5) 
EE) EE ae ee l 


SE ESE PE, PP ee 





TaBLe II 


Data on Egg Yolk Phospholipid and Magnesium Chloride with Chloroform and 
Chloroform-Ether Mixtures As Solvents 





No. of | Phospholipid | Phospholipid | x40}, taken up 








Solvent samples | recovered* 
— ——S EE a —— a 
més | per cent | me. 
Chloroform................000.. 6 | 2.85 + 0.01 | 4.6 + 0.0f 
Chloroform-ether (1:1)..........) 6 2.63 + 0.02} 92.2+0.8 | 1.3+0.0 
4 ne 2 2.63 + 0.03 | 92.42+1.2 1.4+0.1 
e a 04a 2 2.65 + 0.02 92.92 0.8 1.2+0.1 








* Expressed as per cent of the value obtained with chloroform. 
t Average of duplicate determinations. 


ec. of 0.02 n Na8,Os3) for the subsequent determination, indicating little or 
no excess bromine. In order to ascertain whether the magnesium chloride 
was the factor responsible, an experiment was carried out to determine 
whether any magnesium chloride was taken up when chloroform was used 
to dissolve the phospholipid. Samples of phospholipid were precipitated 
with acetone and 0.1 cc. of a 30 per cent solution of magnesium chloride 
in 95 per cent alcohol (27.6 + 0.3 mg.) and the precipitated phospholipid 
dissolved, either chloroform or chloroform-ether mixtures being used. 
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Determination of the residual magnesium chloride in the undissolved 
residue, by the Volhard-Harvey method (7), showed that more magne- 
sium chloride was taken up when chloroform was used to dissolve the 
phospholipid than when a mixture of chloroform and ether was used 
(Table II). Apparently the chloroform solution of phospholipid tends to 
hold appreciable amounts of magnesium chloride; in fact the amount of 
magnesium chloride taken up (4.6 mg.) exceeded the phospholipid in 
amount (2.85 mg.) when chloroform alone was used as the solvent. The 
presence of ether in the chloroform lessened this tendency appreciably, 
and equally well in ratios of 1:1, 2:1, or 3:1 of chloroform and ether. 

That the solvent per se was not responsible for taking up the magnesium 
chloride was shown by the finding that blank determinations, with chloro- 
form, chloroform-ether (1:1), or moist ether as the solvents, gave complete 
recovery of the magnesium chloride in the undissolved residue. With 
27.6 + 0.3 mg. of magnesium chloride, the amounts recovered were, 
respectively, 27.9 + 0.3, 27.7 + 0.1, and 27.5 + 0.0 mg. 

In an attempt to explain the unreliable iodine numbers for phospholipid 
obtained when chloroform was used as the solvent, it was shown that the 
presence of magnesium chloride in the pyridine sulfate dibromide reagent 
alone was not responsible. Addition of varying amounts of magnesium 
chloride (0.0 to 13.8 mg.) to blank determinations did not affect the titration 
values obtained; the average titration value obtained for eight determina- 
tions was 3.60 + 0.01 ec. of 0.02 N Na.S.O;. It was found, moreover, that 
the addition of varying amounts of magnesium chloride (0.0 to 16.6 mg.) to 
samples of egg yolk phospholipid dissolved in chloroform was without effect 
on the iodine numbers obtained; the average iodine number obtained for 
twelve samples was 81.0 + 0.7. 

Recent work in this laboratory on the degree of unsaturation of the blood 
lipids of fasted mice (unpublished) gave very variable and unreliable iodine 
numbers for the phospholipid fraction; the iodine numbers obtained for 
fourteen samples ranged from 92 to 723. Four samples of egg yolk phos- 
pholipid, precipitated with acetone and magnesium chloride and dissolved 
in chloroform, gave very high and variable iodine numbers (216 + 42) 
(Table ITT). In contrast, both chloroform-ether and moist ether solutions 
of the same phospholipid gave reliable iodine numbers. Since the latter 
solvents necessitate evaporation to dryness and re-solution of the phospho- 
lipid in chloroform prior to carrying out the determination, it was suggested 
that the process of evaporation to dryness might be responsible for the 
improved values. To test this, seven samples of egg yolk phospholipid 
were precipitated with acetone containing 0.1 ec. of a 30 per cent solution of 
magnesium chloride in 95 per cent alcohol, and the precipitated phos- 
pholipid was dissolved in chloroform. Two aliquots of each sample were 
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taken and one of each pair evaporated to dryness and redissolved in chloro- 
form. The average iodine number obtained for the seven samples which 
had been subjected to evaporation was 75.8 + 0.9, which is in good agree- 
ment with the values obtained for egg yolk phospholipid with either chloro- 
form-ether mixture or moist ether as the solvent (Table III). Determina- 
tion of the iodine number of the seven samples which had not been evapo- 
rated to dryness showed little or no excess bromine; the titration values 
amounted to 0.0 to 0.02 ec. of 0.02 N Na.S.Os;, indicating very high iodine 
numbers. 
Taste III 
Data on Phosphelipid from Different Sources 


Chloroform, chloroform-ether (1:1), and moist ether were used as solvents. 
0.1 cc. of 30 per cent magnesium chloride in 95 per cent alcohol (27.6 + 0.3 mg.) 


was used. 











Phos- 
Source of phospholipid Solvent deus Phospholipid PhOlipid’—Todine No. 
ples ered* 
me. per cent 
Egg yolk Chloroform 4 2.38 + 0.02 216.0 + 42.0 
Chloroform-ether | 4 2.18 + 0.01) 91.6 | 76.0+ 0.0 
Moist ether 2 2.10 + 0.02) 88.2; 76.54 0.5 
mg. per centt 

Whole blood (mouse); Chloroform-ether 6 328 +0 87.7+ 0.4 
“ “«  (hu- Chloroformt 6, A | 308 +4 80.84 0.2 
man) Chloroform-ether 2,“ 295 +2 95.7 | 80.84 0.2 
Moist ether 2, ** | 238 +4 93.5) 79.524 0.5 
Chloroform-ether 6, B | 302 +0 | 88.52 0.7 
Moist ether 6, ** | 203 +0 86.34 1.1 


| 








* Expressed as per cent of the value obtained with chloroform. 
+ Average of duplicate determinations. 
t Subjected to evaporation for determination of the iodine number 


The chloroform solution of the phospholipid samples which had been 
subjected to evaporation invariably appeared cloudy, whereas the original 
chloroform solution was clear. It is suggested that during the precipitation 
of phospholipid with acetone and magnesium chloride the latter tends to 
form a complex with the phospholipid which is soluble, to some extent, in 
chloroform and is responsible for the unreliable iodine numbers obtained. 
Evaporation to dryness may alter this complex so that it does not interfere 
in the subsequent determination of the iodine number. 

Chloroform proved to be the best solvent for phospholipid. With the 
oxidative method of Bloor (4), the phospholipid values obtained when a 
chloroform-ether mixture and moist ether were used as the solvents were 
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approximately 92 and 88 per cent, respectively, of that obtained when 
chloroform was used (Table ITI). 

In the procedure finally adopted 7 cc. of acetone and 0.1 cc. of 30 per cent 
solution of magnesium chloride in 95 per cent alcohol were used for the 
precipitation of the phospholipid, as recommended by Boyd (8) and 
Sinclair and Dolan (6), followed by solution of the phospholipid with 
chloroform, in two successive portions of 7 and 3 cc. each. After centrifu- 
gation a suitable aliquot of the chloroform solution of the phospholipid was 
evaporated to dryness and the phospholipid redissolved in chloroform for 
the determination of the iodine number. Results of analyses of phos- 
pholipid from blood, with chloroform (subjected to evaporation), chloro- 
form-ether (1:1), and moist ether as the solvents, are given in Table III. 

Six samples of phospholipid from mouse whole blood gave uniform iodine 
numbers when a chloroform-ether mixture was used as the solvent and 
showed approximately the same degree of unsaturation as phospholipid 
from human blood. 

The iodine numbers obtained for the phospholipid from each of two sam- 
ples, A and B, of human blood were very uniform when chloroform (sub- 
jected to evaporation), chloroform-ether (1:1), or moist ether was used as 
the solvent (Table III). When the phospholipid fatty acids are computed 
as two-thirds of the phospholipid, the average iodine number (83) agrees 
with the value (124) reported by Boyd (2) for human blood plasma. The 
value obtained for the phospholipid content of the blood when chloroform 
was used as the solvent was higher than those obtained when a chloroform- 
ether mixture and moist ether were used. In this respect chloroform is 
the solvent of choice. 


SUMMARY 


The use of chloroform as a solvent for phospholipid, precipitated with 
acetone and magnesium chloride, results in very erratic and unreliable 
iodine numbers. This apparently is due to a tendency of the chloroform 
solution of phospholipid to hold appreciable amounts of magnesium 
chloride. 

Reliable and reproducible iodine numbers were obtained when the 
chloroform solution of the phospholipid was evaporated to dryness and the 
phospholipid redissolved in chloroform prior to carrying out the determina- 
tion. Reliable iodine numbers for phospholipid were also obtained when 
chloroform-ether (1:1) and moist ether were employed as solvents. 

The chloroform-ether mixture proved to be a better solvent than moist 
ether for phospholipid; however, neither of these solvents dissolved the 
phospholipid as completely as did chloroform. 
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SYNTHESIS OF A SECOND ISOMERIC FORM OF 3,4-DIAMINO- 
TETRAHYDROTHIOPHENE 


By GLEN W. KILMER anp HERBERT McKENNIS, Jr. 


(From the Department of Biochemistry, Cornell University Medical College, New York 
City) 


(Received for publication, October 16, 1943) 


In a recent communication from this laboratory (1) the synthesis of a 
3 ,4-diaminotetrahydrothiophene and a comparison of its properties with 
those of the diaminocarboxylic acid derived from biotin were reported. 
The present report deals with the synthesis of the diastereoisomeric 3 ,4- 
diaminotetrahydrothiophene, which for convenience is designated Isomer 
B. The steps in the synthesis are shown in the accompanying reactions. 

1 ,4-Diacetoxybutene-2 (I), prepared from 1,4-dibromobutene-2 and 
potassium acetate (2-4), was used as starting material in the present syn- 
thesis. Addition of bromine to (I) gave the dibromide (II) which was 
briefly described by Griner (2). Methanolysis of (II) or, much less ex- 
pediently, hydrolysis of (II) with dilute acid produced 2 ,3-dibromobutane- 
diol-1,4 (III) which Prévost (4) prepared by the addition of bromine to 
2-butenediol-1,4. Compound (III) was converted to the bis(phthalimido) 
derivative (IV), which was hydrolyzed to 2,3-diaminobutanediol-1 ,4 
dihydrobromide (V). This compound was also prepared by conversion of 
the diacetoxydibromobutane to 1 ,4-diacetoxy-2 ,3-bis(phthalimido) butane 
(VIII), which was then hydrolyzed to compound (V). The latter route 
was found to be less advantageous. Further evidence that these different 
routes led to the same steric form of compound (V) was afforded by a com- 
parison of the dibenzoyl derivatives of the samples prepared by each 
method. 

Attempts to replace the hydroxyl groups of (IV) by halogens by use of 
either thionyl chloride, phosphorus pentachloride, or phosphorus and 
iodine, were not very promising. Also the preparation of the 1 ,4-dihalo- 
butane derivative from (V) or its dibenzoyl or bis(p-bromobenzenesulfonyl) 
derivatives by use of a variety of reagents was unsatisfactory. In contrast 
to ethanolamine, which gives a good yield of bromoethylamine hydro- 
bromide when treated with fuming hydrobromic acid (5), compound (V) 
or (VIII) when similarly treated gave only a 1 to 2 per cent yield of 1,4- 
dibromo-2 ,3-diaminobutane. The latter compound was isolated as the 
dibenzoyl derivative. Compound (V) failed to react with phosphorus 
pentachloride in the presence of acetyl chloride under the conditions used 
to replace the hydroxyl group of serine (6). Also when (V) was refluxed 
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HC=—CH Br Br Br Br 
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for 2 to 4 hours in 57 per cent hydriodic acid solution, over 90 per cent of 
the starting material could be recovered. 

However, conversion of the diaminodiol (V) to 3 ,4-diaminobutane-1 , 4- 
disulfuric acid (VI) proceeded very smoothly. The latter compound upon 
treatment with sodium sulfide gave a 3,4-diaminotetrahydrothiophene 
(Isomer B) (VII) which was isolated as the dipicrate. The compound was 
further characterized as the crystalline dibenzoy! derivative, which melted 
at 238-239°. The dibenzoy] derivative of Isomer A melted at 295-300°. 
The diacetyl derivative of Isomer A sublimed at about 260-265° (1), 
whereas that of Isomer B melted at 173-175°. Isomer B appeared to 
react with phenanthrenequinone under mild conditions, but all efforts to 
isolate a dibenzoquinoxaline derivative for comparison with that reported 
for Isomer A were unsuccessful. 

Both of the isomeric 3 ,4-diaminotetrahydrothiophenes, when heated with 
phosphoric acid, evolved vapors which gave the indophenine reaction for 
thiophene with isatin and sulfuric acid. Furthermore when these vapors 
in each case were collected in carbon tetrachloride and the solution was 
treated with bromine (7), tetrabromothiophene was isolated. 

If an allylic rearrangement! had occurred in the preparation of 1,4- 
diacetoxybutene-2 (I), it is not inconceivable that the end-product of the 
synthesis could have a bimolecular structure of the type shown by formula 
(IX). However, this structure would not be expected to yield thiophene 
when heated with phosphoric acid. In addition a determination of the 
molecular weight of the dibenzoyl derivative agreed within experimental 
error with that expected for the dibenzoyl derivative of the monomeric 
compound (VII). 

Whereas biotin can be resynthesized (8) from the diaminocarboxylic acid 
derived from it by treatment with phosgene and sodium hydroxide, it was 
reported that under these conditions Isomer A did not yield a cyclic urea 
derivative (1). Likewise no cyclic urea was isolated after Isomer B was 
treated with phosgene and sodium hydroxide. It is apparent that struc- 
tural features in addition to the configuration of the amino groups are 
responsible for the ease of formation of biotin from its diaminocarboxylic 
acid, which has been shown to be 3 ,4-diamino-2-tetrahydrothiophene-n- 
valeric acid (8-10). 

EXPERIMENTAL 

1 ,4-Diacetoxry-2 ,3-dibromobutane—This compound was prepared by 
Griner (2) but since few details were given our procedure is given in full. 
80 gm. of 1,4-diacetoxybutene-2 (2, 3) were dissolved in 382 cc. of dry 

1 Prévost (4) stated that the diacetoxybutene obtained from 1, 4-dibromobutene-2 


was a 1,4 derivative, but did not present the evidence that no allylic rearrangement 
had occurred. 
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chloroform, the solution was cooled to between —30° and —40°, and 74.5 | 
gm. of bromine in 410 cc. of dry chloroform were added dropwise with | 
stirring during 4.5 hours. After standing for 3 to 5 hours at —30°, the 
solution was removed from the dry ice bath and was decolorized with dilute 
sodium thiosulfate solution. The chloroform layer was separated, was 
washed with water, and was distilled in vacuo without drying. The oily 
solid left as a residue was drained on a filter and washed with a 1:2 mixture 
of ether and hexane. More oil was removed on filter paper. 125 gm. of the 
dibromo derivative were obtained. The yield represents 81 per cent of the | 


ging ans: ~ 
Cac’ .> 


— - 


me 


theoretical yield. The melting point was 83.5-86.5° (capillary). Griner 
reported a melting point of 87°. Purification of our crude product for 
analysis was effected by precipitating the compound from chloroform by 
addition of hexane and subsequent recrystallization from benzene. The 
micro melting point of the purified material was 84—85°.* | 
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C.H,.0,Br, (331.9). Calculated, C 28.95, H 3.62; found, C 29.02, H 3.98 | 


2 ,3-Dibromobutanediol-1 ,4—A solution of 904 mg. of 1 ,4-diacetoxy-2 ,3- 
dibromobutane, 3.6 cc. of methanol, and 0.01 cc. of concentrated HCl was 
allowed to stand at 45—-47° for 26 hours (11). The solution was concen- 
trated to dryness in vacuo; the residue consisted of almost colorless prisms, 
m.p. 131-131.5° (capillary). The yield was almost quantitative. A 
sample was purified for analysis without improvement of the melting point 
by successive recrystallizations from water and alcohol. Prévost (4) 
prepared this compound in a different way but reported few data other 
than the melting point (132.5-133°, corrected). 


C,H;0-Br, (247.9). Calculated, C 19.38, H 3.25; found, C 19.56, H 3.50 


- 
: 
: . 
- 
: 


2 ,3-Bis(phthalimido)butanediol-1 ,4—2.6 gm. of 2,3-dibromobutanediol- 
1 ,4 and 15.3 gm. of potassium phthalimide were finely powdered and to the 
mixture 100 cc. of dry xylene were added. The mixture, protected from | 
atmospheric moisture by a calcium chloride tube, was refluxed at a bath 
temperature of 170° for 73 hours (12). Caked material was crushed at 
frequent intervals during the heating. The cooled reaction mixture was 
filtered and the solid material was washed thoroughly with 5 per cent KOH 
and then with water. The dried insoluble material weighed 1.44 gm., | 


Ce nee 


fae pl 


which represents 36 per cent of the theoretical yield. The product melted 
at 295-299°. This compound is very sparingly soluble in the usual solvents 
except 1,4-dioxane and ethylene glycol monoethyl ether. Successive 
recrystallization from these latter solvents yielded colorless crystals, m.p. 
300-302°. 


? All melting points, unless otherwise noted, were taken on a micro melting point 
apparatus. 
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CopH6OgN2 (380.4). Calculated, N 7.37; found, N 7.36 


2 ,3-Diaminobutanediol-1 ,4 Dihydrobromide—400 mg. of the diphthal- 
imidodiol and 14 cc. of 48 per cent HBr were refluxed for 21 hours. The mix- 
ture was cooled with stirring and was then filtered. Phthalic acid was 
washed from the product with absolute ethanol and ether. The residue 
weighed 274 mg., which represents 92 per cent of the theoretical yield. The 
salt was purified for analysis by solution in a small volume of water and pre- 
cipitation with dioxane. The pure material consisted of striated plates 
which began to decompose at about 220°. 


C,H,,O.N.Br:z (282.0). Calculated, N 9.94; found, N 10.09 


Dibenzoyl-2 ,3-diaminobutanediol-1 ,4—By treatment of the diamine with 
excess benzoy! chloride and 10 per cent NaOH a dibenzoy] derivative which 
was insoluble in dilute acid could be obtained. The compound was 
crystallized from absolute alcohol and from dioxane; the white flaky prisms 
melted at 208-209°. 


CisH29O.Ne (328.4). Calculated, N 8.55; found, N 8.32 


Tetrabenzoyl-2 ,3-diaminobutanediol-1 ,4—In some experiments it was 
possible to isolate from the mother liquors of the dibenzoyl derivative a 
tetrabenzoyl derivative. The compound crystallized from absolute alcohol 
as long prisms, m.p. 203-204°. 

Cy2HesOgNe (536.6). Calculated, N 5.22; found, N 5.45 


Bis(p-bromobenzenesulfonyl)-2 ,3-diaminobutanediol-1 ,4—Treatment of a 
sample of the amine salt with p-bromobenzenesulfony! chloride and alkali 
by a procedure similar to that used by Adams and Cairns (13) for ethanol- 
amine yielded an acid-insoluble alkali-soluble bis(p-bromobenzenesulfony]) . 
derivative. After repeated recrystallization from alcohol and from acetone 
the compound was obtained as colorless crystals, m.p. 245-247°. 


CysH; sOgN2BreS: (558.2). Calculated, N 5.02; found, N 5.36 


1 ,4-Diacetory-2 ,3-bis(phthalimido)butane—4.7 gm. of 1,4-diacetoxy- 
2,3-dibromobutane and 21 gm. of finely powdered potassium phthalimide 
were refluxed in-45 ec. of dry xylene for 41 hours. The solid material was 
collected on a filter and was washed by suspension in hot benzene, followed 
by cold 5 per cent NaOH and finally water. The white solid remaining 
weighed 1.2 gm., which corresponds to 19 per cent of the theoretical yield; 
the melting point was 238-240°. The material could be purified by re- 
crystallization from dioxane or acetic acid. The pure material formed 
white granular crystals, m.p. 250°. 


CxH2pOsN2 (464.4). Calculated, N 6.03; found, N 5.79 
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When this compound was heated for 10 hours with boiling 48 per cent 
HBr as described above for the bis(phthalimido)diol, 2 ,3-diaminobutane- 
diol-1 ,4 dihydrobromide was obtained in good yield. That this route 
yielded the same compound as that described above was shown by prep- 
aration of the dibenzoyl derivative from the salt prepared by hydrolysis 
of the diacetoxybis(phthalimido) compound. This derivative had the same 
melting point as that of the dibenzoy! derivative described above and an 
equal mixture of the two showed no depression in the melting point. 

Upon evaporation the xylene-benzene liquors from the bis(phthalimido) 
derivative vielded a halogen-containing compound. After several crystalli- 
zations from alcohol the material formed beautiful white blades, m.p. 
148-149°. The nitrogen content checked with that for the mono- 
phthalimido derivative 1 ,4-diacetoxy-2-bromo-3-phthalimidobutane. The 
yield of crude monophthalimido derivative was about 20 per cent of the 
theoretical yield based on the diacetoxydibromo compound. 


CisHyOgN Br (398.2). Calculated, N 3.52; found, N 3.42 


1 ,4-Dibromo-2 ,3-bis(benzamido)butane—1.0 gm. of diacetoxybis(phthal- 
imido)butane and 20 ec. of HBr (saturated at 0°) were heated for 80 min- 
utes at 170° in a sealed tube (5). The reaction mixture was concentrated 
slightly, was cooled, and the phthalic acid was collected on a sintered glass 
filter. The filtrate was then concentrated to a volume of about 2 cc., small 
quantities of solid were removed by filtration, and the oil was treated in 
ice-cold NaOH solution with benzoyl chloride. The solid material was 
recrystallized several times from alcohol-water and formed long colorless 
prisms, m.p. 156-157°. The yield was 13 mg. or about 1.3 per cent of the 
theoretical yield. 


C,sH,,0O.N:Brz (454.2). Calculated, Br 35.19; found, Br 35.21 


2 ,3-Diaminobutane-1 ,4-disulfuric Acid—880 mg. of the dioldiamine 
dihydrobromide were dissolved in 7.8 cc. of water. The solution was cooled 
in ice and 975 mg. of pure silver sulfate were added slowly with stirring. 
The AgBr was collected on a filter and was washed, and the filtrate was 
treated with decolorizing carbon, was refiltered, and was evaporated to 
dryness in vacuo. To the crystalline sulfate were added about 610 mg. of 
concentrated sulfuric acid (14), and the mixture was heated in a bath at 
140° for 25 minutes with stirring. The product was cooled in ice and 5 ce. 
of water were added, followed by enough 10 per cent KOH for solution of 
the solid. The filtered solution was acidified to Congo red with dilute HCl 
and the white precipitate was collected and was washed with water. The 
material weighed 874 mg., which is approximately the theoretical yield. A 
sample was purified by several reprecipitations from alkaline solution with 
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dilute acid. The pure material decomposed from 280° on the micro melting 
point stage. 
CyHy205N 282 (280.3). Calculated, N 10.00; found, N 9.97 


3 ,4-Diaminotetrahydrothiophene Dipicrate (Isomer B)—450 mg. of the 
disulfuric acid ester, 960 mg. of Na.S-9H.O, and 40 cc. of water were heated 
for 3 hours at 140° in a sealed tube (15). The solution was made quite 
strongly acid, was treated with decolorizing carbon, and was filtered. The 
filtrate was concentrated to a volume of about 3 ec. This solution was 
refiltered, was diluted to 35 ec., and 730 mg. of picric acid were added. 
The solution was heated to boiling with stirring. After several hours in a 
refrigerator the yellow solid was collected on a filter and was washed with 
water. Recrystallization of the material from hot 50 per cent alcohol after 
treatment with decolorizing carbon gave 230 mg. of the dipicrate, repre- 
senting 25 per cent of the theoretical yield. The compound crystallized as 
pale yellow prisms. When heated, the compound started to decompose 
at 220°. 


CyeH,eOuN 58 (576.4). Calculated, 8 5.56; found, S 5.19 


3 ,4-Bis(benzamido)tetrahydrothiophene (Isomer B)—The diamino com- 
pound could also be isolated from the reaction mixture after treatment with 
benzoyl chloride and alkali as the dibenzoyl derivative. The compound 
crystallized from alcohol as colorless prisms, m.p. 238—239°. 


C,sH;s0.N:S. Calculated. C 66.23, H 5.56, N 8.58, 8 9.82 
(326.4) Found. ** 66.29, ‘* 5.59, ‘* 8.41, “* 9.60 


The experimental values for the molecular weight (Rast camphor 
method) were 338 and 332. 

3 ,4-Bis(acetamido)tetrahydrothiophene (Isomer B)—300 mg. of 3,4-di- 
aminotetrahydrothiophene dipicrate were suspended in 10 ce. of 15 per 
cent HCl. After extraction with benzene until free of picrie acid, the 
aqueous solution was evaporated to dryness under reduced pressure. The 
syrupy residue was dissolved in 2 ec. of water and was treated with excess 
acetic anhydride and 10 per.cent NaOH in theusual fashion. The reaction 
mixture was made acid to litmus by addition of 10 per cent HCl. This 
mixture was dried in the frozen state under diminished pressure, and the 
residue was extracted with chloroform. Evaporation of the chloroform 
solution yielded a glass which was sublimed at 150° and 1 mm. pressure. 
The sublimate crystallized from acetone as long white prisms melting at 
135-141°. After they were dried at 100° under 1 mm. pressure, the melting 
point was 173-175°. 

C;H,,O.N.S (202.3). Calculated, N 13.85, 8 15.82; found, N 13.89, 8 15.41 
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Isolation of Tetrabromothiophene after Decomposition of Diaminotetrahydro- 
thiophene—40 mg. of the dipicrate of 3,4-diaminotetrahydrothiophene 
(Isomer B) were converted to the dihydrochloride as described above, and 
the oily residue left after evaporation of the water and excess HCl was 
treated with 1 drop of 85 per cent H;PQ,. The mixture was gradually 
heated to 400° and was maintained at this temperature for 15 minutes. 
The evolved vapors were collected in 1 cc. of ice-cold carbon tetrachloride. 
A drop of this solution gave a strong green color with isatin-H,SO,. The 
main portion of the solution was treated with 3 drops of bromine. The 
flask was stoppered and was allowed to stand for about 20 hours. The 
solution was evaporated under diminished pressure, and the residue was 
dissolved in fresh carbon tetrachloride. The solution was dried over 
magnesium sulfate and was again evaporated. To the residue were added 
2 drops of bromine. As the bromine evaporated, the product solidified (7). 
After purification by two recrystallizations from alcohol-water about 1.4 
mg. of long colorless prisms were obtained. These were identified as tetra- 
bromothiophene by melting point and mixed melting point. Tetrabromo- 
thiophene was likewise isolated when Isomer A of 3 ,4-diaminotetrahydro- 
thiophene (1) was similarly treated. 


The authors wish to express their appreciation to Dr. Vincent du Vi- 
gneaud for valuable counsel during the course of this work. Thanks are 
also due Dr. Julian R. Rachele and Mr. Roscoe C. Funk, Jr., for carrying 
out the microanalyses. 


SUMMARY 


Treatment of a 2,3-diaminobutane-1 ,4-disulfuric acid (prepared by a 
series of standard reactions) with aqueous sodium sulfide at 140° resulted 
in the formation of the cyclic thio ether, 3 ,4-diaminotetrahydrothiophene. 
This compound (Isomer B) differed from the 3 ,4-diaminotetrahydrothio- 
phene (Isomer A) which was previously described (1). 

Isomer B differed from A not only in its derivatives but also by its failure 
to yield a dibenzoquinoxaline derivative. It was similar to Isomer A in its 
failure to yield a cyclic urea under the conditions which lead to the resyn- 
thesis of biotin from 3 ,4-diamino-2-tetrahydrothiophene-n-valeric acid. 
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THE MECHANISM OF KETOL FORMATION FROM PYRUVATE 
AND ALDEHYDES 


By ROBERT L. BERG anv W. W. WESTERFELD 
(From the Department of Biological Chemistry, Harvard Medical School, Boston) 


(Received for publication, October 14, 1943) 


It was previously observed (1) that the animal carboxylase enzyme 
system that converts pyruvate to acetoin can utilize acetaldehyde in this 
reaction. Other aldehydes are also utilized in the formation of analogous 
ketols, and the reaction between pyruvate and propionaldehyde results in 
a 5-carbon ketol according to Reaction I or II. The exact location of the 
earbony! and hydroxy] groups in the final product has an important bearing 


(I) CH;-CO-COOH + CH;-CH,-CHO — CH;-CO-CHOH-CH,-CH; + CO; 
(II) CH;-CO-COOH + CH;-CH,-CHO —- CH;-CHOH-CO-CH,-CH, + CO, 


on the mechanism of the reaction, since in this compound the origin of each 
group can be established. The product is obviously formed by condensa- 
tion of the 2-carbon fragment of decarboxylated pyruvate with the 3-carbon 
propionaldehyde, and the identification of the substituents with either the 
2-carbon or the 3-carbon portion of the molecule will define the origin of 
each. 

The identification of this compound was made by periodate oxidation. 
Studies showed that related compounds possessing adjacent hydroxyl or 
carbonyl groups were quantitatively split by periodate oxidation; the 
hydroxyl group was converted to an aldehyde, and the carbonyl was 
oxidized to an acid according to the general equation 


OH O 
| | I 

R—C——C—R’ HEC. R—CHO + R’—COOH 
H 


Application of this oxidation to the 5-carbon ketol produced in the 
enzymatic reaction between pyruvate and propionaldehyde resulted in the 
formation of propionaldehyde and acetic acid. The structure of the 
original product therefore is given in Reaction I. Since the carbonyl group 
in the ketol was attached to the 2-carbon portion of the structure, it was 
derived from the decarboxylated pyruvate and was probably the carbonyl 
group originally present in the pyruvate. Similarly the hydroxyl group 
carried by the 3-carbon portion of the molecule must have been derived 
from the aldehyde group of propionaldehyde, 
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Identification of this structure casts serious doubt on the possibility of 
compound formation between pyruvate and propionaldehyde prior to the 
decarboxylation, since the a-carbon atom in pyruvic acid would necessarily 
be involved in any such structure (as it is in the final product), and it 
already has its four valences substituted in pyruvic acid. Intermediate 
compound formation could take place prior to decarboxylation only 
through utilization of one of the carbon bonds attached to the carbonyl 
group of pyruvic acid, and, if this had taken place, the hydroxyl group of 
the final product would have been derived from the pyruvate portion of the 
structure rather than from the aldehyde portion. 


EXPERIMENTAL 


The 2,3-butylene glycol, acetoin, and diacetyl were obtained! in a 
relatively pure condition, and were used without further purification. The 
ketol produced in the enzymatic reaction between pyruvate and propional- 
dehyde was prepared as follows: Fresh, trimmed pig heart was minced twice 
in a meat grinder and thoroughly washed for several hours with cold running 
water. 375 gm. of the pressed out mince were homogenized in a Waring 
blendor with 550 cc. of 0.2 m phosphate buffer, pH 7.0. 15 cc. of 0.5 per 
cent MgSO,, 20 cc. of 0.1 per cent diphosphothiamine, 25 cc. of 1.0 m pyruvic 
acid neutralized with an equivalent amount of Na2COs, and 50 cc. of 1.0 u 
propionaldehyde were added, and the mixture was incubated at 37° for 
54 hours. The solution was then deproteinized with tungstic acid and the 
filtrate neutralized and distilled. Excess propionaldehyde was removed 
from the distillate by heating and aerating until no more aldehyde was 
carried over in the aeration gas and the solution gave no precipitate with 
2,4-dinitrophenylhydrazine at room temperature. The solution was then 
neutralized to phenolphthalein with a small amount of NaOH, and again 
distilled, the first portion of distillate being discarded. The final distillate 
gave the 2,4-dinitrophenylosazone derivative previously described (1) 
for the 5-carbon ketol, and was essentially free of interfering substances as 
determined by the equivalent amounts of aldehyde and acid produced in 
the periodate oxidation. 

Periodate Oxidation—The periodate oxidation was carried out by gently 
refluxing for 2 hours a solution composed of 100 cc. of 0.3 per cent KIO, 
500 ce. of water containing the test substance, and 10 cc. of concentrated 
H,SO, (2). The aldehyde produced in the reaction was removed by con- 
tinuous aeration into bisulfite, and it was estimated quantitatively by the 
usual iodometric method for determining bound bisulfite (3). At the end 
of 2 hours, the reaction mixture was distilled under standard conditions 
until 500 ec. of distillate were collected, and the volatile acid contained 


! Lucidol Corporation, Buffalo, New York. 
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therein was titrated to phenolphthalein with standard NaOH. The total 
amount of acid produced in the reaction was obtained from a calibration 
curve prepared by a similar distillation of known amounts of acetic acid (4). 

The results obtained by periodate oxidation of acetoin, 2,3-butylene 
glycol, diacetyl, and the 5-carbon ketol produced in the enzymatic reaction 
between pyruvate and propionaldehyde are summarized in Table I. The 
splitting of these compounds is essentially quantitative; the glycol gave rise 
to 2 moles of aldehyde, diacetyl gave 2 moles of acid, while each of the ketols 
gave 1 mole of aldehyde and 1 mole of acid. Periodate oxidation of these 
model compounds possessing only one pair of adjacent hydroxy] or carbonyl 
groups, therefore, led to a rupture of the bond between the 2 substituted 


TaBLe I 


Periodate Oxidation of Simple Substances Possessing Hydroryl or Carbonyl 
Substituents on Adjacent Carbon Atoms 





Substance tested cided |. tamed sl —_. | Aldehyde identified | ,, Acid 
cere ee as: a Pray Er as Sime) WOR 
2,3-Butylene glycol | 0.522 | 0.986 | 0.065 | Acetaldehyde 

0.522 | 0.976 | 0.022 
| 0.522 | 0.981 | 0.035 
Acetoin 0.667 0.646 | 0.638 - Acetic 
0.667 | 0.658 | 0.714 
0.667 | 0.605 | 0.692 





Diacety] 0.388 | 0.004 | 0.750 | a 
0.388 | 0.007 0.749 
0.388 0.007 | 0.781 
$-Hydroxy-n-penta- 0.522 0.523 Propionaldehyde | 
none-2* 0.353 0.368 








* Product of enzymatic reaction between pyruvate and propionaldehyde. 





carbon atoms; substituent hydroxyl groups were converted to aldehydes, 
while carbonyl groups were converted to acids. 

Identification of Aldehydes—The aldehydes formed by periodate oxidation 
were identified as 2 ,4-dinitrophenylhydrazone derivatives. The derivative 
was prepared after the bisulfite titration was completed by adding HCl 
to a concentration of 2 N and an excess of 2,4-dinitrophenylhydrazine dis- 
solved in 2N HCl. The hydrazone precipitated rapidly at room tempera- 
ture, and was filtered, washed thoroughly with water, and recrystallized 
from hot 95 per cent alcohol. 

The aldehyde produced by periodate oxidation of 2 ,3-butylene glycol and 
acetoin was identified as acetaldehyde. The melting points’ of the 2,4- 


* All melting points are uncorrected. 
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dinitrophenylhydrazone derivatives were 161° and 160° respectively, and 
neither showed a depression when the substance was mixed with the 
2 ,4-dinitrophenylhydrazone of acetaldehyde (m.p. 162°). 

The aldehyde produced by the oxidation of the ketol formed in the 
enzymatic reaction between pyruvate and propionaldehyde was identified as 
propionaldehyde. The 2,4-dinitrophenylhydrazone derivative after sey- 
eral recrystallizations melted at 146°; on being mixed with the 2, 4-dinitro- 
phenylhydrazone of propionaldehyde (m.p. 149°), it melted at 148°. It 
had the orange color of the propionaldehyde derivative, rather than the 
yellow color of the acetaldehyde derivative. A colorimetric determination 
(5) of the amount of acetaldehyde produced in the oxidation of this ketol 
showed that less than 0.5 per cent of the bisulfite-binding material formed 
was acetaldehyde; the reaction product, therefore, contained no significant 
amount of acetoin or the 5-carbon isomer represented in Reaction IT. 

Identification of Acids—The acid portion of the split-product was identi- 
fied as the p-phenylphenacyl ester. The sodium salt formed in several 
titrations was concentrated by evaporation and treated with p-phenyl- 
phenacyl bromide according to the directions given by Drake and Bronitsky 
(6). After the material was decolored with norit and recrystallized several 
times from hot ethyl alcohol to constant melting point, the esters of the 
acids formed by periodate splitting of acetoin, diacetyl, and the 5-carbon 
ketol formed enzymatically all melted at 110.5°. There was no depression 
of melting point when each of the esters was mixed with the p-phenyl- 
phenacy!l ester of acetic acid (m.p. 110.5°); all three showed a depression of 
18-20° when mixed with the p-phenylphenacyl ester of propionic acid 
(m.p. 102°). 


DISCUSSION 


The product formed by the addition of benzaldehyde to fermenting yeast 
was identified by Neuberg and Ohle (7) as phenylacetylearbinol, and the 
implications of this fact with respect to the mechanism of ketol formation 
were later discussed by Dirscherl (8). The ketol produced in the reaction 
between pyruvate and propionaldehyde in the presence of the animal 
carboxylase system is analogous to the product obtained by Neuberg and 
Ohle, since in both compounds the carbonyl group is associated with that 
portion of the ketol structure which is derived from pyruvate. This is 
incompatible with the formation of an intermediate compound between 
the aldehyde and the a-keto acid prior to decarboxylation of the latter, 
except through the postulation of a secondary reversal in the location of the 
carbonyl and hydroxyl groups in the ketol after it has been formed (9). 
The optical activity of the final products (10) makes this reversal im- 
probable. 
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Ketol formation from pyruvate or from pyruvate and an aldehyde does 
not involve the formation of molecular acetaldehyde from the pyruvate 
with subsequent coupling of 2 molecules of aldehyde, for the following 
reasons. The condensation of acetaldehyde to acetoin (in the absence of 
pyruvate) is much slower than the formation of acetoin from pyruvate alone 
(1). Such a reaction would not account for the increased rate of decar- 
boxylation of pyruvate in the presence of an aldehyde (1). If a-ketobutyric 
acid were first decarboxylated to molecular propionaldehyde, there would _ 
be no formation of propionin in the reaction, since propionaldehyde alone 
is not condensed by the enzyme (1). 

Any mechanism for the formation of ketols from pyruvate and an alde- 
hyde, therefore, must involve the utilization of “nascent” acetaldehyde, 
since (a) decarboxylation of the a-keto acid apparently precedes condensa- 
tion with the aldehyde, and (b) the decarboxylated product is not molecular 
acetaldehyde. Furthermore, the condensation actually involves a molecule 
of “nascent’’ acetaldehyde formed in the decarboxylation of pyruvate with 
a molecule of the added aldehyde. Only by such a postulation could the 
j-carbon ketols be formed in the reactions between pyruvate and pro- 
pionaldehyde and between a-ketobutyric acid and acetaldehyde (1). In 
the formation of acetoin from pyruvic acid alone, it is possible that the Ist 
molecule of pyruvate is decarboxylated with formation of molecular acetal- 
dehyde, and that the latter then reacts with a mole of “‘nascent” acetalde- 
hyde produced by the decarboxylation of a 2nd molecule of pyruvate. 


SUMMARY 


Periodate oxidation of simple compounds related to acetoin and possess- 
ing adjacent hydroxyl or carbonyl groups leads to a rupture of the bond 
between the 2 substituted carbon atoms and a conversion of the substituent 
hydroxyl groups to aldehydes, while the carbonyl groups are converted to 
acids. 

Periodate oxidation of the 5-carbon ketol produced in the enzymatic 
reaction between pyruvate and propionaldehyde resulted in the formation 
of propionaldehyde and acetic acid, thereby identifying the ketol as acetyl- 
ethylearbinol (3-hydroxy-n-pentanone-2). 

Association of the carbonyl group of the ketol with the 2-carbon portion 
of the structure derived from pyruvate makes doubtful the possibility of 
intermediate compound formation between the propionaldehyde and 
pyruvate prior to decarboxylation of the latter. 
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The general impression that the metabolism of glycine is unique among 
the amino acids arises perhaps as much from the lack of specific knowledge 
of the immediate breakdown products of glycine as from the multiplicity of 
reactions in which the glycine molecule participates. The older evidence 
bearing on the formation from glycine of products such as NHs, glyoxylic 
acid, urea, and glucose has been indirect and controversial (cf. Dakin (1) 
and Bach (2)). Recent studies with isotopes have clarified some of these 
issues. Thus, Olsen, Hemingway, and Nier (3) showed the rapid for- 
mation of C!°O, from C'*-labeled glycine, while Ratner, Rittenberg, Keston, 
and Schoenheimer (4), with the aid of N“-labeled glycine, showed the utiliza- 
tion of the amino group for synthesis of urea and other amino acids. In 
striking contrast, however, experiments with tissue slices and brei have made 
practically no contribution thus far to the problems of whether glycine is bro- 
ken down and by what pathways. In fact, the apparent resistance of glycine 
to oxidation under the conditions of experiments with tissue slices has led 
Bach (2) to postulate that deamination of glycine follows only after prelim- 
inary condensation with some keto acid. The present communication has 
some bearing on the metabolism of glycine in that it deals with the proper- 
ties of a widely distributed enzyme of animal origin which catalyzes the 
oxidation of glycine. 

The enzyme which we shall refer to as glycine oxidase is a flavoprotein 
which can be resolved under acid conditions into a protein and flavin 
adenine dinucleotide (FAD), neither of which is active alone. Full 
catalytic activity can be restored at neutral or alkaline pH when the specific 
protein and an excess of the coenzyme are brought together. The enzyme 
catalyzes the aerobic oxidation of both glycine and sarcosine according to 
the following equations: 


(1) CH:NH;,COOH + 40; —- CHOCOOH + NH; 
(2) CH.NHCH,;COOH + 40: — CHOCOOH + NH:CH; 


Glyoxylic acid is formed by both the deamination of glycine and the 
demethylamination of sarcosine. 
* Aided by grants from the Rockefeller Foundation, the Nutrition Foundation, 


Inc., the Research Corporation, and the Lederle Laboratories, Inc. 
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Glycine oxidase has been found in the liver or kidney of all animals tested, 
Pig kidney has proved to be a satisfactory source for routine preparation of 
the enzyme. Full details of the method are given in the experimental 
section. The final preparation contains other enzymes in addition to 
glycine oxidase, in particular d-amino acid oxidase and catalase. Splitting 
of the enzyme takes place during the isolation procedure. Hence it is 
necessary to add FAD in order to get maximum catalytic activity. 

Glycine oxidase reacts with molecular oxygen, methylene blue, and other 
suitable hydrogen acceptors. The reaction velocity with oxygen as ae- 
ceptor is linear for the first hours. The time-activity relationship is shown 
in Fig. 1. There is no difference in the rate of oxygen consumption whether 





100} 








° 100 200 300 
time in minutes 





Fic. 1. Time-activity curve of glycine oxidase of pig kidney. The manometer 
cups contained 0.5 cc. of m glycine, 0.1 cc. of 10 mg. per cent flavin adenine dinucleo- 
tide, and 1 ee. of enzyme. Final volume 3.1 cc.; 38°; alkali in center well. 


the gas space in the manometer contains air or pure oxygen. Addition of 
methylene blue does not increase the rate of oxygen consumption. This 
indicates that the autoxidation of the reduced enzyme is not the limiting 
factor in the speed of the over-all reaction. 

The activity of the enzyme has also been followed anaerobically in Thun- 
berg tubes with methylene blue as the indicator. Under constant experi- 
mental conditions, the rate of methylene blue reduction is directly propor- 
tional to the concentration of glycine enzyme. Both the manometric and 
Thunberg methods of estimating enzyme activity have been used inter- 
changeably in the present investigation. 
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According to equations (1) and (2), for each atom of oxygen absorbed 
| molecule of substrate is oxidized with formation of 1 molecule of glyoxylic 
acid and 1 molecule either of NH; or methylamine. The data shown in 
Table I are in quite good agreement with the requirements of the equations. 
The 2,4-dinitrophenylhydrazone of glyoxylic acid was isolated in good 
yield after contact of the enzyme system with both glycine and sarcosine. 
The nitrogenous oxidation product of sarcosine, viz. methylamine, was also 
isolated and identified in the form of its picrolonate. 

Flavoproteins as a class produce H,O. when reacting with molecular 
oxygen. It follows therefore that 1 molecule of substrate should react with 1 
molecule of oxygen in contrast to the 1 atom of oxygen postulated in equa- 
tions (1) and (2). Such indeed would be the case if H,O. accumulated in the 
reaction. Since an atom of oxygen is formed from H,O, by action of 


Tasie I 
Relationship between Oxygen Uptake and Formation of Keto Acid and Volatile Base 
during Oxidation of Glycine and Sarcosine 

The manometer cups contained 1 cc. of enzyme solution, 0.1 cc. of flavin adenine 
dinucleotide solution (107 y per ec.), 0.5 ec. of 0.5 m dimethylglycine buffer, pH 8.3, 
0.5 cc. of msubstrate, and 0.2 cc. of 6 n NaOH in the center well. The final volume 
was made up to 3 cc. with water. After temperature equilibration the substrate 
was tipped in from the side arm. All values are corrected for enzyme blanks. 











| | 
Substrate | Time | = GF, Keto acid 
| min. | micromoles micromoles micromoles 
Glycine POL LOA } atqgp of Pok@pe ofbvene 33.6 
RY eer 130 16.6 | 17.8 16.6 








catalase which is present in excess in preparations of glycine oxidase, the 
net reaction involves only 1 atom of oxygen per molecule of glycine. 
Enzyme Specificity—In addition to glycine oxidase, three other enzymes 
have been isolated which deaminate amino acids oxidatively; viz., the 
d-amino acid oxidase (5), the l-glutamic dehydrogenase (6), and the /-amino 
acid oxidase (7). The identity of the glycine enzyme with the last two can 
be exciuded, since preparations of the glycine enzyme are readily made 
which do not attack either /-glutamic acid or any of the /-amino acids. 
However, our preparations of the glycine enzyme invariably contain 
d-amino acid oxidase. That they are two distinct enzymes is supported 
by the following considerations. (1) The glycine enzyme may be com- 
pletely split under conditions! which do not appreciably split the d enzyme 


! For details of the conditions for splitting, see the section ‘‘Reversible splitting.”’ 
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and (2) the reconstitution of the split glycine enzyme does not proceed 
quantitatively under conditions which permit quantitative reconstitution 
of the split d enzyme. 

The glycine enzyme catalyzes the oxidation of glycine and N-mono- 
methylglycine but not that of N-dimethylglycine. Substitution products 
of glycine such as phenylglycine, p-aminophenylglycine, creatine, and 
hippuric acid are not attacked and peptides of glycine such as glyeyl- 
p-aminobenzoylglycine, glycylglycine, and leucylglycylglycine are attacked 
immeasurably slowly if at all. 

Mechanism of Oxidation—The available data are consistent with the 
following mechanism of the oxidation of glycine (where R is H) and sar 
cosine (where R is CHs). 


(3) CH,NHRCOOH + oxidized enzyme — CH = NRCOOH + reduced enzyme 
(4) CH=NRCOOH + H,O — CHOCOOH + NH.R 


(5) Reduced enzyme + O, — oxidized enzyme + H.O, 


Since N-monomethylglycine but not N-dimethylglycine can be attacked, 
the primary reaction may be considered to be the dehydrogenation of the 
amino acid to the imino acid. The hydrolysis to the keto acid is generally 
presumed to be a spontaneous process. The above mechanism is identical 
with the one suggested by Krebs (5) for the enzymic oxidation of the 
d-amino acids and by Richter for the oxidation of amines (8). 

Handler, Bernheim, and Klein (9) found that broken cell suspensions of 
liver tissue will oxidize sarcosine to form glycine and formaldehyde, as 
shown in equation (6). 


(6) CH,;NHCH,COOH + 40; — NH:CH,COOH + HCHO 


This reaction may be viewed as a dehydrogenation similar to that postu- 
lated for other amino acids, except that a hydrogen atom from the methyl 
group would be involved rather than 1 from the a-carbon atom. This 
would lead to the formation of the hypothetical intermediate CH.—N— 
CH:—COOH from which glycine and formaldehyde would result. Thus 
the presence of the N-methyl group in sarcosine offers for the removal of 
2 hydrogen atoms two theoretical possibilities, both of which have been 
realized enzymically. 

Properties of Enzyme—The glycine enzyme works optimally only in the 
presence of comparatively large concentrations of substrate (>m/6). 
The half speed concentration is about 0.04 m (cf. Fig. 2). 

The pH-activity curve is shown in Fig. 3. The maximum pH is about 
8.3. The rates fall off very sharply to either side of the maximum. Some- 
what surprising is the fact that at pH 7.0 the velocity is only about one- 
eighth of the maximum. Veronal buffers inhibited the action of the 
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Fic. 2. Rate of oxygen uptake as a function of the concentration of glycige. Each 
manometer cup contained 1 cc. of enzyme, 0.5 cc. of 0.5 m dimethylglycine buffer, pH 
83, and 0.1 cc. of 10 mg. per cent flavin adenine dinucleotide. Final volume 3.0 


ee.; 38°; alkali in center well. 
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Fic. 3. Rate of oxygen uptake as a function of pH. Each manometer cup con- 
tained 0.8 cc. of enzyme, 0.1 cc. of 10 mg. per cent flavin adenine dinucleotide, 0.3 cc. 
of m glycine, and 2 cc. of 0.5m buffer. Final volume 3.2ce. The following symbols 
indicate the nature of the buffer: @ veronal, O phosphate, 0 dimethylglycine, 


A 8-glycerophosphate, and © acetate. 
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enzyme almost completely. Unfortunately, none of the other buffers em- 
ployed was reliable in the pH range of 7.5 to 8.5. To minimize the buffering 
action of the phosphate ions in the stock enzyme preparation, the purifica- 
tion was carried one step further by acidifying to pH 4.6 and treating with 
sodium sulfate (19 gm. per 100 cc.). The precipitate containing the enzyme 
was dissolved in water and the solution neutralized. Such an enzyme 
preparation did not shift the pH values of the 0.5 m buffers with which it 
was mixed in the proportions of 1:2. The pH values with all components 
present were measured electrometrically at the end of the manometric runs, 

The hydrogen ion concentration may affect not only the rate of oxidation 
of glycine by the enzyme but among other factors the rate or extent of 
combination of FAD with the specific protein. In other words, since the 
enzyme has to be reconstituted before it can function, there is no way of 
deciding from such an experiment whether the hydrogen ion concentration 
is affecting the formation of the enzyme, the activity of the enzyme, or both. 
A pH curve with an unsplit enzyme, however, would make it possible to 
distinguish between these two effects. 

Capryl alcohol (saturated aqueous solution), sodium fluoride (0.2 m), 
zine sulfate (0.001 m), iodoacetic acid (0.001 m), cyanide (0.01 m), and sulfa- 
diazine (0.005 m) have no action on the enzyme. 0.01 m iodoacetic acid 
inhibits 30 per cent. Copper sulfate inhibits 100, 64, and 37 per cent at 
respective concentrations of 0.001 m, 0.0002 m, and 0.0001 . 

The glycine enzyme tolerates a 3 minute exposure to 55° without any 
appreciable loss of activity. The same exposure to 60° leads to a loss of 
75 per cent of the original activity. 

Reversible Splitting—Glycine oxidase prepared from pig kidney by the 
procedure outlined in the experimental section is inactive unless supple- 
mented with FAD. Other prosthetic groups like adenylic acid, diphospho- 
pyridine nucleotide, diphosphothiamine, and riboflavin cannot replace 
FAD. The relationship between added FAD and the rate of oxygen 
uptake is shown in Fig. 4.2, From the slope of the linear part of the curve 
it appears that 8.5 c.mm. of oxygen are taken up in 10 minutes for each 
microgram of flavin phosphate equivalent of FAD. This is less than one- 
fourteenth of the value which obtains for the activity of FAD in the recon- 
structed d-amino acid oxidase system (10). A discrepancy of this order of 
magnitude left open the possibility that some impurity in the FAD prep- 
aration was the active principle and not FAD. This possibility, however, 
was ruled out by the demonstration that the activity per microgram of 
FAD was identical whether the sample of FAD was prepared from bakers’ 
yeast by the method of Warburg and Christian (11) or from purified 


? The fall in velocity at higher concentrations of FAD has been observed consist- 
ently. Its significance is obscure. 
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xanthine oxidase by liberation from the protein with which it was com- 
bined (12). 

The comparative ease with which the glycine enzyme prepared from pig 
kidney is split under the relatively mild conditions employed in the purifi- 
cation procedure and the close resemblance of Fig. 4 to a dissociation curve 
might be regarded as evidence that glycine oxidase is a dissociating flavo- 
protein at neutral or slightly alkaline pH. However, our experience with 
the properties of glycine oxidase prepared from sources other than pig lead 
us to the opposite conclusion; viz., that it does not dissociate appreciably 
over the pH range of 4 to 9. This conclusion is based on the fact that 
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Fia. 4. Rate of oxygen uptake as a function of the concentration of flavin adenine 
dinucleotide. Each manometer cup contained 1 cc. of enzyme, 0.5 cc. of 0.5 m 
dimethylglycine buffer, pH 8.3, and 0.5 cc. of m glycine. Final volume 3 cc.; 38°; 
alkali in center well. 


preparations of the enzyme from lamb, human, dog, cat, and ox kidney are 
not split at all by the identical procedure which completely splits the 
enzyme from pig kidney. While this discrepancy might argue some unique 
properties for the pig enzyme, the available evidence is consistent with the 
assumption that the element of difference is not the oxidase but some factor 
present in crude preparations of pig kidney which breaks the linkage be- 
tween protein and the prosthetic group possibly by irreversible destruction 
of FAD. Indeed by alteration of the method of preparation we have suc- 
ceeded in preparing glycine oxidase from pig kidney which is not split at all. 
Thus, whereas ammonium sulfate precipitation of the enzyme from a 
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neutral extract of the acetone powder leads to an almost completely split 
enzyme, sodium sulfate precipitation from an acetate (pH 4.8) extract of 
the acetone powder yields unsplit enzyme. If an equilibrium dissociation 
of the flavoprotein were involved, precipitation in acid solution should 
have been more efficacious in splitting the enzyme than precipitation in 
neutral solution. Since the reverse was true, we must postulate some 
destructive agent or factor which operates at neutral pH and which is sup- 
pressed at pH 4.8. Just as glycine oxidase may be wholly dissociated when 
prepared from pig kidney but not from other kidneys, so d-amino acid 
oxidase shows the same discrepancy. The comparatively mild conditions 
needed to split d-amino acid oxidase of pig kidney (pH 4 to 7) are inadequate 
to split the same enzyme from other sources. In fact, pH 2 is still not acid 
enough to split the d enzyme of lamb kidney. Furthermore, partially split 
glycine or d-amino acid oxidase prepared from pig kidney always becomes 
more completely split on storing. Whatever the nature of this irreversible 
destruction of bound FAD, it apparently proceeds at a not inconsiderable 
rate in crude pig kidney preparations. Ease of splitting is undoubtedly a 
consequence of this destruction of bound FAD. It is of interest that 
Straub’s method (13) for the preparation of split d-amino acid oxidase 
from pig kidney depends not upon strong acid conditions but primarily upon 
allowing the enzyme to stand around at room temperature long enough for 
inactivation of bound FAD to take place. Consistent with the above 
interpretation is the fact that purified unsplit preparations of both the d 
and glycine enzymes from pig kidney are not split by the same procedures 
which readily split crude preparations from the same source. In other 
words, when special precautions have been taken to prevent splitting in the 
early stages of purification, pig kidney preparations are indistinguishable 
from those of other sources as far as conditions of splitting are concerned. 

While both the glycine and d enzymes are split in crude extracts of pig 
kidney, the time factor is different in the two cases. Whereas the glycine 
enzyme can be largely split in a matter of hours, some days must elapse 
before the d enzyme in the same preparation is completely split. 

It can be readily demonstrated that rates of reaction and not equilibria 
determine the form of Fig. 4 and hence that the resemblance to a dissocia- 
tion curve is only apparent. FAD attains its maximum catalytic activity 
in the fully conjugated enzyme. If in a reconstructed system the activity 
per microgram of FAD in the presence of excess of other components is the 
same as in the unsplit conjugated enzyme, we may assume that equilibrium 
conditions obtain in the reconstructed system. If, however, there is a 
considerable discrepancy, then clearly kinetics, not dissociation equilibria, 
determine the catalytic activity of varying amounts of FAD in the presence 
of excess of specific protein. To evaluate the maximum catalytic activity 
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of FAD in the unsplit glycine enzyme, the preparation must be freed of 
other flavoproteins. Since, however, the preparations used to obtain this 
figure still contained considerable amounts of other flavoproteins, our 
estimates of the activity of FAD in the unsplit enzyme are minimal. Yet 
even so, the value of FAD activity (expressed as c.mm. of oxygen per 10 
minutes per microgram of flavin phosphate equivalent of FAD) was about 
4.5 times as great in the enzyme of the intact lamb kidney as in the recon- 
structed enzyme; 7.e., 38 c.mm. of oxygen instead of 8.5. Judging by the 
relative activities of glycine oxidase and other flavoproteins present in the 
unsplit lamb enzyme, the difference may be as large as 15-fold if not more. 
The conclusion is therefore obligatory that kinetics of combination de- 
termine the form of the curve in Fig. 4. 

Distribution of Enzyme—No systematic survey of the enzyme in animal 
tissues has been made, but the enzyme already has been prepared from the 
following sources: cat kidney and liver, dog kidney, lamb kidney, ox kidney, 
rat liver, pig kidney, human kidney, rabbit kidney and liver. The highest 
concentration of the enzyme was found in cat kidney. Rat kidney was the 
only kidney tested which failed to yield an active preparation. 

Oxalic Acid Formation from Glyoxylic Acid—Since the existence of glycine 
oxidase establishes glyoxylic acid as a normal metabolite, we carried out 
experiments to throw some light on the metabolic fate of glyoxylic acid. 
We have found two systems which catalyze the rapid oxidation of glyoxylic 
acid to oxalic acid: (1) xanthine aldehyde oxidase of milk (14) and liver (12), 
and (2) a mutase of rabbit skeletal muscle which does not appear to be 
identical with any enzyme yet described. The rate of oxidation of glyoxylic 
acid by milk aldehyde oxidase is about as rapid as that of acetaldehyde 
which is the most rapid substrate (cf. Table Il). The relationships between 
oxygen consumption, disappearance of glyoxylic acid, and formation of 
oxalic acid are given in Table III. Rabbit skeletal muscle contains an 
enzyme which under anaerobic conditions oxidizes glyoxylic acid to oxalic 
acid (cf. Table IV). From the relationship between CO, evolution in a 
bicarbonate medium, disappearance of glyoxylic acid, and formation of 
oxalic acid, it would appear that a dismutation is taking place. Approxi- 
mately 1 mole of CO, is liberated for each 2 moles of glyoxylic acid disap- 
pearing and for each mole of oxalic acid formed. The mutase is not in- 
hibited by iodoacetic acid and hence is not identical with glyoxalase, triose 
dehydrogenase, or aldehyde mutase (15, 16). To establish in a more con- 
vincing way that oxalic acid is formed from glyoxylic acid we carried out 
some experiments with tissue slices of rat kidney and liver. Very rapid 
formation of oxalic acid from glyoxylic acid was observed anaerobically 
in the presence of kidney slices. However, the rate of oxalic acid forma- 


tion in the presence of liver slices was somewhat slower. In both cases 
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boiled controls failed to produce oxalic acid. There seems little doubt 
that formation of oxalic acid can be accounted for by oxidation of glycine 


via glyoxylie acid. 


It is of interest that the kidney which is often the 


TaBie II 


Oxidation of Glyorylic Acid by Milk Xanthine Aldehyde Oxidase 


The experiments were carried out anaerobically in Thunberg tubes at 38°. 





Tube 4 














Tube 1 Tube 2 Tube 3 
| ce. | ce. ce. ce. 
ECT. on visdvade cdeees « | 1.0 1.0 1.0 
TTT Te eee 1.0 
0.05 m glyoxylic acid........... | 1.0 1.0 
0.1 m acetaldehyde.............| 1.0 
0.1% methylene blue.......... 0.1 0.1 0.1 0.1 
ey grt tg all | 1.0 
| min | min. min. min. 
Decolorization time "ae | 3.25 «0 
TaBLe III 


Relationship between Oxygen U ptake, Disappearance of Glyoxylic Acid, and Formation 
of Oxalic Acid by Aldehyde Oxidase of Milk 

The three mixtures were aerated for 44 hours at 38° and the experiment termi- 
nated by addition of trichloroacetic acid. Oxygen uptake was measured manometri- 


cally in an aliquot. 














Cup 1 Cup 2 Cup 3 
ce. ce. cc. 
SETI IR CEES OR ES 20 20 
Boiled milk oxidase...... 20 
0.05 mu giyoxylic acid............... 10 10 
Red cell suspension* 4 1.0 1.0 
Boiled red cell suspension.......... 1.0 
RL SOMES Gis y's d vSE SK Daal VE dca eicwed 10 
micromoles micromoles micromoles 
Oxygen absorbed........... aa eee 423 42 | 14 
Glyoxylie acid utilized................ 414 19 
ic aa.n's 65 a9 36 wae meen oes 350 7 10 





* The red cells provide a convenient and potent source of catalase for protection 
of the oxidase from H,O:. 


site of oxalic acid stones should be rich both in the enzyme which forms 
glyoxylic acid by oxidation of glycine and in the enzyme which forms 
oxalic acid by oxidation of glyoxylic acid. 
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S 


EXPERIMENTAL 


Preparation of Glycine Enzyme—Fresh pig kidneys are divested of fat 
and minced with 3 volume of water in a Waring blendor to a fine paste 
and poured into 5 volumes of acetone cooled to — 10° with dry ice. The 
mixture is rapidly filtered with suction on large Buchner funnels. The 
cake of tissue is washed several times with small portions of cold acetone, 
and is then removed from the filter paper and broken up finely until dry. 
Connective tissue fibers are separated from the powder and discarded. 
The powder is resuspended in 5 volumes of acetone. After 10 minutes the 
mixture is again filtered with suction. The fat-free cake is broken up 


finely until dry. 


Taste IV 
Oxidation of Glyoxylic Acid by Mutase of Rabbit Skeletal Muscle 


The experiments were carried out for 5 hours at 38° with a gas mixture of 95 per 
cent Ne and 5 per cent CO, bubbling through the solutions. Formation of carbon 
dioxide was measured manometrically in an aliquot. 

















Cup 1 Cup 2 Cup 3 
ce. ce. ce. 
OT ere Pern 20 
Boiled muscle enzyme.....................: 20 
m sodium bicarbonate. ...................... 2.5 2.5 2.5 
nD 06 GpGyee GHOSE .. ...< ss kccncdewebeuenon 20 20 20 
Pe 5 oe akcle #40 os wee ore a 20 
micromoles micromoles micromoles 

CO, evolved 5 a\n¢ aly de sla dati i ok ere 395 11 6 
Glyoxylic acid utilized..................... 830 | 68 
IEG QGhG SOUR «0. sci canavesdisskewaden 462 64 6 





250 gm. of acetone powder are mixed thoroughly with 2.5 liters of water. 
After 30 minutes, the mixture is filtered and the precipitate is washed with 
small portions of water. Ammonium sulfate (30 gm. per 100 cc.) is added 
to the filtrate (about 2.5 liters). The precipitate is filtered off and redis- 
solved in 800 cc. of water. Monopotassium acid phosphate (24 gm. per 
100 cc.) is added, the precipitate being centrifuged off and resuspended 
in 300 cc. of water. Sodium carbonate (10 per cent) is added dropwise 
until the mixture is brought to about pH 8.2. The insoluble material is 
centrifuged off and discarded. The precipitation procedure with mono- 
potassium acid phosphate is repeated. The final enzyme solution (about 
150 cc.) is pale greenish yellow in appearance but water-clear. 

While the enzyme can be prepared from other sources, pig kidney has 
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been found to be the most satisfactory source. The fresh pig kidneys 
may be stored indefinitely when kept frozen on dry ice. There are three 
important precautions to be observed in the preparation: (1) the mince 
prepared in the Waring blendor must be very fine but should not be 
allowed to warm up above 30°; (2) the first acetone precipitation must 
be carried out below 0° and the cake must not exceed that temperature 
until dry; (3) the acetone powder must be completely fat-free if the salt 
precipitations are to go smoothly. 

The enzyme preparation retains activity for 7 to 10 days when kept at 
0-5°. Dialysis against distilled water rapidly leads to great loss of activity; 
e.g., 80 per cent loss after 12 hours. Dialysis against 0.05 m phosphate 
buffer (pH 7.4) is attended with a slower loss of activity; e.g., 40 per cent 
loss after 12 hours. 

Preparation of Other Enzymes—For studying the enzymic oxidation of 
glyoxylic acid the xanthine oxidase of milk was prepared by the method 
of Corran et al. (12) and the mutase of rabbit skeletal muscle by the method 
of Green et al. (17). 

Methods of Estimation—The values for volatile base and keto acids 
given in Table I were estimated in a trichloroacetic acid filtrate of the 
enzyme mixture obtained at the end of the manometric runs. Both 
methylamine and NH; were determined by the micro-Kjeldahl procedure 
and glyoxylic acid by a micro adaptation of the bisulfite-binding method 
of Clift and Cook (18). According to Long (19) 1 cc. of 0.1 N iodine is 
the equivalent of 0.625 cc. of 0.1 m glyoxylic acid. This equivalence 
has been assumed in calculating the results. Though the enzyme blanks 
gave insignificant values for oxygen uptake and keto acid formation, 
detectable amounts of NH; were present. This varied with the degree of 
alkalinity and undoubtedly arises from hydrolysis of amide groups in 
the protein. After 130 minutes at pH 8.3 and 8.8 volatile base amounting 
to 5.3 and 8.9 micromoles, respectively, was obtained. The values in 
Table I, observed at pH 8.3, are corrected by the appropriate amount. 

In following the enzymic oxidation of glyoxylic acid to oxalic acid, the 
former was estimated as described above. Oxalic acid was estimated after 
an aliquot of the trichloroacetic acid filtrate was neutralized with dilute 
NH;. Excess CaCl, was added and after the mixture had stood at 0° 
overnight calcium oxalate was separated and washed by centrifugation. 
Oxalate was then determined in the usual manner by titration with potas- 
sium permanganate. 

Isolation of Glyoxylic Acid 2,4-Dinitrophenylhydrazone—The same 
procedure was followed for the isolation of glyoxylic acid from both glycine 
and sarcosine runs. A large scale enzyme mixture was set up, containing 
80 cc. of enzyme, 16 cc. of m substrate, and 4 ec. of 20 mg. per cent flavin 
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dinucleotide. The final pH was adjusted to 7.8. The mixture was 
aerated for 4 to 8 hours at 38° and the progress of the oxidation was fol- 
lowed manometrically in a pilot run. At the end of the experiment, 0.5 
volume of 6 N HCl was added, and the clear filtrate was mixed with the 
theoretical amount of 2,4-dinitrophenylhydrazine dissolved in 2 n HCl. 
The crude hydrazone (65 per cent yield) was recrystallized from aqueous 
alcohol; m.p. 187—188° for the sample from the experiment with glycine 
and 192° for the sample from that with sarcosine. This derivative ap- 
parently exists in two isomeric forms, one melting at 202° (20) and the 
other at 190° (21). The melting points obtained in our samples undoubt- 
edly represent mixtures of the two isomeric forms but both samples were 
pure, as indicated by the analytical data. Mixed melting points were 
therefore not feasible. 


Analysis—C.H,O«N;. Calculated. C 37.8, H 2.38, N 22.1 
Found from glycine. “ee, "232 * Bs 
as ** sarcosine. ‘ 38.0, “* 2.44 


Isolation of Methylamine Picrolonate—In a large scale run such as was 
described above sarcosine was aerated for 8 hours at 38°. Care was taken 
to have the enzyme completely free of traces of NH;. A manomeiric 
pilot run showed that the oxygen uptake of the mixture corresponded 
to the formation of 120 mg. of methylamine. Estimation of methylamine 
in an aliquot disclosed 110 mg. The mixture was deproteinized by addi- 
tion of 0.5 volume of 6 N H,SQ,. The protein-free filtrate was found to 
contain no NH; as evidenced by a negative Nessler’s reaction.2 The 
filtrate was then made alkaline with 40 per cent sodium hydroxide and 
steam-distilled in a Kjeldahl apparatus for 20 minutes, the tip of the 
condenser dipping into 20 ec. of alcohol containing an equivalent of picro- 
lonic acid (936 mg.). The picrolonate solution was concentrated to a 
small bulk and allowed to crystallize. The yield of crude picrolonate was 
650 mg. After three recrystallizations from aqueous alcohol, the melting 
point of the picrolonate was 241.5°. It showed no depression on admixture 
with an authentic sample which also melted at 241.5°. 


A nalysis—C,,H;,O3Ns5. Calculated. Cc 44.7, H 4.44 
Found. ** 44.6, * 4.48 
™ ** 44.6, “ 4.37 


Chemical Preparations—The compounds referred to in the above sections 
were prepared by the following methods: dimethylglycine by the method 


* Though the enzyme preparation had been rendered NH;-free by repeated pre- 
cipitation with KH,PQ,, small amounts of NH; formed by hydrolysis of amide groups 
in protein were fractionally distilled away during the 8 hour incubation period at 
38° and pH 8.3. 
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of Michaelis and Schubert (22), coenzyme I by the method of Williamson 
and Green (23), muscle adenylic acid by the method of Lindner (24), and 
FAD by the method of Warburg and Christian (11). We are grateful 
to Merck and Company, Inc., for a supply of riboflavin and diphospho- 
thiamine. The samples of glycylglycine and leucylglycylglycine were 
gifts from Dr. N. W. Pirie. An aqueous solution of glyoxylic acid was 
prepared from oxalic acid by reduction with magnesium powder by the 
method of Benedict (25). It was then extracted with ether and purified 
through the calcium salt by the method of Debus (26). The preparation 
used was an equimolar mixture of glycolic and glyoxylic acids. 


SUMMARY 


Glycine oxidase is a flavoprotein which catalyzes the oxidation of glycine 
to glyoxylic acid and NH, and the oxidation of sarcosine to glyoxylic acid 
and methylamine. Under appropriate conditions, the protein can be 
separated reversibly from the flavin component, viz. flavin adenine dinucleo- 
tide. Over the pH range of 4 to 9 glycine oxidase appears not to dissociate 
to any significant extent. The enzyme has been found in liver or kidney 
of all animals tested. Systems which catalyze the oxidation of glyoxylic 
acid to oxalic acid have been studied. 
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STUDIES OF THE METABOLISM OF MANNOSE 
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Mannose, glucose, and fructose are closely related and have long been 
known to be interconvertible in vitro (1). The metabolism of glucose 
and fructose in the mammal has been extensively studied, whereas mannose 
has been the subject of relatively few, partial studies in vivo. The finding 
of mannose in certain compounds of special physiological import, such as 
egg white proteins (2), skin collagen (3), human, anterior pituitary gonado- 
tropic hormone (4), and phosphatides of tubercle bacilli (5), adds interest 
to metabolic studies of this sugar. Mannose has been shown to be readily 
fermentable by yeast (6-11) and readily glycolyzed by various tissues and 
tissue extracts in vitro (12-18). There are indications in the literature 
which point to the direct utilization of mannose by the mammal. The 
results of Mann and coworkers (19) and others (20,21) on the prevention of 
hypoglycemic shock after hepatectomy are in line with this. Certain work- 
ers have shown that mannose is a direct physiological antagonist to insulin 
(22). 

Slow absorption of mannose has made tolerance studies difficult in the 
rat and in man; in addition doses of 50 gm. produce diarrhea in man (23). 
Harding et al. abandoned their work on man on this account (23). In two 
experiments conducted on the human subject by the present writers (un- 
published) confirmation of the diarrheal effect of mannose was found. 
For these reasons the rabbit was used as an experimental animal in the 
present work. The absorption of mannose by the rat has been recently 
studied by Deuel et al. (24); the only available study on the rabbit is that 
by Hédon in 1900 (25). A reinvestigation of the absorption of mannose 
in the rabbit by the technique of Cori (26) should be carried out. 

Harding and coworkers in 1933 conducted studies on mannose tolerance 
in man, but found no mannemia and no hyperglycemia (23). Deuel et al. 


*The data reported in this paper are taken from a dissertation submitted by 
William H. Bailey, 3rd, to the Graduate Council, George Washington University, 
April, 1943, in partial fulfilment of the requirements for the degree of Doctor of 
Philosophy. 
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in 1938 (24) studied the ketolytic and glycogenic ability of mannose in 
rats, but reported no blood sugar data. In view of the incompleteness of 
data upon the metabolism of mannose it was considered of interest to follow 
mannose tolerance and glycogenesis along with the determination of some 
intermediate blood metabolite. In the present paper three lines of in- 
vestigation are reported; namely, the effects of mannose administration on 
blood sugar, blood lactate, and liver glycogen. This work was done on 
rabbits in an attempt to discover how mannose is utilized. 


EXPERIMENTAL 
Methods and Reagents 


Mannose used in the experiments reported in this paper was prepared by 
the authors. After a number of studies the method adopted was as follows: 
Pure a-methylmannoside was prepared from vegetable ivory meal! ac- 
cording to the method of Hudson (27). Two recrystallizations were found 
necessary to give a pure product as judged by specific rotation, [a]? = 
80.8°. 500 gm. of this mannoside were then hydrolyzed by refluxing in 10 
liters of 20 per cent formic acid for 50 hours. The orange hydrolysate was 
then concentrated to 2 liters, decolorized with about 20 gm. of acid-washed 
norit, and concentrated at 10 mm. of Hg and 40° to a thick, colorless syrup. 
The syrup was taken up in 500 to 600 cc. of glacial acetic acid and crystal- 
lized as in the method of Hudson and Jackson (28). About 200 gm., dry 
weight (43 per cent yield), of pure d-mannose were obtained, {a]” = 14.8°. 
The low yield (due to incomplete crystallization of the syrup) was of minor 
importance, since a product was obtained which was prepared without the 
introduction of toxic substances such as heavy metals, and which was pure 
without recrystallization. About 800 gm. of mannose were prepared in the 
above manner. 

Blood sugar was determined by the Benedict 1931 method (29), modified 
slightly for adaptation to the Evelyn colorimeter; i.c., unknowns and 
standards were adjusted to contain 0.1 to 0.2 mg. of sugar, and a blank of 
all reagents was run with each experiment. The glucose used for analytical 
standards was c.p. anhydrous grade. Glucose for metabolism studies was 
u.s.P. granular. Fructose was determined by the method of Roe (30). 
Estimations of urinary sugar in the carbohydrate balance studies were 
carried out by the Benedict quantitative method (31). 

Differential glucose and mannose determinations were carried out by the 
method of Harding, Nicholson, and Armstrong (23) as modified by Nichol- 
son and Archibald (32); a strain of Proteus vulgaris from a collection of 
desiccated bacteria was used, and the concentration of reducing substances 


1 Kindly donated by the Art-in-Buttons Company, Rochester, New York. 
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was measured by the Benedict method, as described above. It was found 
necessary to plan animal experiments after the organisms were cultured to 
a favorable state of activity as determined by glucose “removal”’ tests. 
Lactic acid was determined on tungstomolybdate (Benedict) blood fil- 
trates by the method of Friedemann, Cotonio, and Shaffer as given by 
Peters and Van Slyke (33), with the apparatus of West (34). Pure zinc 
dl-lactate was prepared and used as a primary standard for recovery tests 
run with each group of blood lactate estimations. Liver glycogen was 
determined by the method of Good, Kramer, and Somogyi (35). 


Metabolism Studies 


The first problem investigated was the effect of mannose ingestion on 
blood sugar. This question was studied by experiments on carbohydrate 
balance in which the concentrations of blood glucose and blood mannose 
were followed over periods of 4 to 10 hours after mannose administration, 
and in which total urinary excretion was measured for periods of 24 to 36 
hours after the start of each experiment. Eight experiments were carried 
out on five different animals; in five of these experiments differential glucose 
and mannose determinations were run on each blood sample. 

The procedure used in each case is outlined in the following. Animals 
were fasted 36 to 48 houts and placed in metabolism cages. Control blood 
samples were taken and mannose was given by stomach tube within 10 
minutes in dosages of 2 to 5 gm. per kilo of body weight in 10 per cent 
solution in water. Blood samples were subsequently taken at 30 or 60 
minute intervals for the duration of the experiment. All samples were 
obtained by bleeding from the marginal ear vein into oxalated bottles, and 
were placed in the refrigerator at once. In most cases the protein-free 
filtrates were made the following day. Animals were kept in the metabo- 
lism cages, and after the last blood sample water was allowed during the 
subsequent period of urine collection. For the differential sugar determina- 
tions 5 cc. aliquots of the 1:10 tungstomolybdate filtrates were incubated 
with Proteus as in the method of Nicholson and Archibald (32) and 5 ce. 
aliquots of each blood sample were treated identically except for the addi- 
tion of the bacteria. The reducing substance in these filtrates was then 
determined by the Benedict method, on 2 cc. of the bacterially treated and 
1 cc. of the untreated filtrate (plus 1 ec, of water) in Folin-Wu sugar tubes. 
The observed total sugar is the concentration of reducing substance found 
for the untreated filtrate read against a glucose standard. The residual 
reducing substance after incubation with Proteus read against a mannose 
standard is the value for mannose plus saccharoid. The saccharoid value 
(determined for each experiment) is the concentration of residual reducing 
substance found for the fasting blood sample after treatment with Proteus. 
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Observed total sugar values are corrected by adding a fraction of the man- 
nose concentration in the same sample. ‘The correction is determined by 
multiplying the mannose value by the per cent difference in reducing power 
between glucose and mannose, as in the calculations of Roe and Schwartz- 
man (36). Such a correction is valid, since the mannose fraction of the 
total blood sugar was underestimated by a similar percentage by being read 
against a glucose standard. In each experiment the actual difference be- 
tween the reducing values of the glucose and mannose standards is the 
factor used in calculating the corrected total sugar. Such a procedure is 
considered more reliable than using average reduction equivalents, since in 
this method each experiment acts as its own control. The corrected total 


TaB_Le I 
Blood Glucose and Blood Mannose after Mannose Ingestion 
Animal 5, male rabbit, 2.14 kilos, fasted 48 hours. Dose, 4 gm. of mannose per 
kilo, in 100 cc. of H,O. 


Blood sugar values, mg. per 100 cc. whole blood 





Time Observed After Correction, Corrected | Blood Blood 





total Proteus (7) X 0.12* total sugar glucose mannose 
(1) (2) | (3) (4) (5) (6) | (7) 
min 
hy Re et eee | 85 te 
60 | 158 30 1.9 160 10 6| 16 
120 138 35 1.6 140 105 21 
180 124 29 1.5 126 97 15 


255 126 21 0.8 127 106 7 


* Copper reduction values: glucose 100, mannose 88. 
t Saccharoid value for this experiment. 


sugar value minus the ‘“‘mannose plus saccharoid”’ value represents blood 
glucose. 

The results of one of the experiments are shown in Table I. Column 4 
illustrates the method of calculating the correction explained above. The 
saccharoid determination serves also as a check upon the activity of the 
microorganisms. The average saccharoid value found in samples of fasting 
blood from seven different animals was 10 mg. per cent (range, 6 to 14 mg. 
per cent). Added mannose was recovered from blood filtrates to the extent 
of 93 to 107 per cent in tests run on three different batches of bacteria. An 
assumption made in the differential sugar determinations in these experi- 
ments is that the saccharoid value remains the same for the duration of the 
experimental period. Control experiments on non-glucose reducing sub- 
stance as determined with Proteus showed that it remained very constant 
over periods of at least 3 hours. 
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Inspection of Table I shows that the administration of mannose by mouth 
leads to a prolonged hypersaccharemia (Column 5), an elevation of blood 
glucose (Column 6), and the appearance of mannose (Column 7) in the 
peripheral venous blood of an intact rabbit. Four other experiments in 
this series showed similar results except in the degree of metabolic trans- 
formation of mannose. The experiment of Table I showed the greatest 
increases in blood glucose, but the other four experiments gave significant 
changes in the same direction. In one of these experiments in which the 
samplings were continued for 10.5 hours the hyperglycemia and mannemia 
still persisted. 

The total sugar excretion over periods of 24 to 36 hours after mannose 
administration in doses of 2 to 4 gm. per kilo by the oral and intraperitoneal 
routes averaged 4 per cent of the dose administered (range, 0 to 8 percent) 
in eleven animals tested. Differential sugar determinations were not done 
on these urines because of the small amounts of reducing substance found. 

The specific fructose method of Roe (30) was applied to blood samples 
in one of the experiments on mannose tolerance. It was found that no 
measurable fructose was present in any blood sample during the 4 hour 
period of the test. Blood samples from four other animals receiving doses 
of mannose of 3 to 5 gm. per kilo of body weight also showed blood fructose 
values of zero. 

The second phase of this investigation was a study of the effect of man- 
nose administration on blood lactic acid. Carpenter et al. (37) found that 
glucose, galactose, and fructose give rise to increased lactate in the blood 
under basal conditions. Rynbergen and coworkers (38) suggested that 
lactic acid might be an intermediary in the transformation of fructose to 
glucose. Therefore, it was considered advisable to study the effect of man- 
nose administration on blood lactate in the resting rabbit. Five experi- 
ments on the effect of mannose on blood lactate were carried out, along with 
two positive controls on the effect of glucose, and one negative control on 
the effect of mannoheptose. Total blood sugar and blood lactic acid were 
determined on all samples. 

The experimental procedure was as follows: Rabbits weighing about 3 
kilos each were fasted for 24 hours. The animals were maintained in a state 
of mild sedation by means of small doses of veterinary nembutal solution 
given intraperitoneally every hour or so, depending on the condition of 
the animal. For the duration of the experiment the animal was in a re- 
laxed, reclining position, the respiration was regular, the pupil responded 
to bright light, and pain reflexes were never absent. It was felt that such 
a state was the closest approach to a basal condition that could be ob- 
tained. 2 or 3 hours of control period were allowed before the sugar was 
given to permit the animal to come to a steady state as far as blood sugar 
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and blood lactate were concerned. Analysis of blood samples taken hourly 
during the control period showed that the values for blood sugar and blood 
lactate remained constant or dropped slightly; thus increases after sugar 
administration could be regarded as true increases above the basal level. 
Sugars were given in dosages of 2 gm. per kilo of rabbit, and 5 ec. blood 
samples were taken at hourly intervals over periods of 3 to 6 hours in oxala- 
ted bottles containing 50 to 100 mg. of sodium fluoride. The fluoride-pre- 
served bloods were placed at once in the refrigerator and analyzed the 
following day. The a-d-mannoheptose used in Experiment H was prepared 
in Dr. C. 8. Hudson’s laboratory and had a specific rotation of +68.8° with 
sodium light at 20°. Recoveries of pure zinc lactate were run along with 
six of the eight experiments and 95, 95, 92, 90, 90, and 91 per cent, respec- 
tively, of 0.605 mg. samples of lactic acid were recovered by analysis. All 
lactate values reported are averages of two determinations on the same 
blood filtrate. 

The results of eight experiments are summarized in Fig. 1. Inspection of 
Fig. 1 reveals that, in general, elevated levels of blood lactate parallel 
hyperglycemia when a hexose was used. In the case of mannoheptose, 
Experiment H, no increase in blood lactate was observed even when a 
saccharemia of 200 mg. per cent was reached. It should be noted that 
Experiment H not only represented a control on the effect of hypersac- 
charemia upon the blood lactate level, but it also served as a control on 
every phase of the experimental technique. The curve obtained for blood 
lactic acid in this case is practically a straight line at the basal level. Thus, 
changes observed in blood lactic acid can be considered as due only to the 
influence of the sugar given and to the level of saccharemia reached. When 
mannose was administered intraperitoneally (Experiments C and D), 
marked increases in blood sugar were observed and correspondingly marked 
increases in blood lactate were found. In Experiments E, F, and G, when 
mannose was given orally, less hyperglycemia and smaller increases in blood 
lactate were observed. It appears that the differences in uptake of the 
mannose into the blood will account for the differences in blood sugar and 
lactate in these two sets of experiments. Mannose administration always 
led to a positive increase in blood lactic acid. 

The third phase investigated was the effect of mannose administration 
on liver glycogen in fasted rabbits. This question was studied by deter- 
mining the changes in liver glycogen produced in periods of 6, 10, and 12 
hours after mannose was given in varying dosages by three different routes. 

The procedure carried out is outlined in the following. The double 
laparotomy technique of Cohn and Roe (39) was used on ten of the ani- 
mals of this series. By this method a control value for fasting liver glyco- 
gen was determined on the same animal in which glycogen deposited after 
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mannose or glucose administration was measured. Rabbits weighing from 
1.7 to 3 kilos, unselected as to sex, were fasted 24 hours, anesthetized with 
nembutal, and operated on. After a 1 gm. sample was taken from the 
right liver lobe, the wound was closed, the sugar was given, and the animal 
was kept in a metabolism cage for the duration of the experiment. After a 
period of 6, 10, or 12 hours the animal was anesthetized, reopened, and sam- 
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Fic. 1. Influence of administration of various sugars on blood sugar and blood 
lactate. The doses given in every case were 2 gm. of sugar per kilo of body weight. 
Each experiment is labeled by letter and represented by a pair of curves. The solid 
lines refer to blood sugar; broken lines to blood lactate. The units of the vertical 
axes are mg. per cent. 


ples of the right and left liver lobes were taken for analysis. The animal 
was then sacrificed. All samples were immediately placed in tared tubes 
containing 5 cc. of 30 per cent KOH, weighed, and subsequently treated as 
in the method of Good, Kramer, and Somogyi (35). Total sugar excretion 
was measured on the urines collected during the period of the experiment. 

The results of nineteen unselected, serially run experiments are sum- 
marized in Table IT (Animals 9 and 10 of this series died under anesthesia). 
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Sugar excretion, when mannose was given by mouth, averaged 4.6 per cent 
of the dose administered, and 12.2 per cent when mannose was given sub- 
cutaneously. The glucose tests serve as positive controls on each of the 


Taste II 

Liver Glycogen Formation in Adult Rabbits after Mannose and Glucose Administration 
by Various Routes 

The sugars were given in 20 per cent solution in water; dosages are expressed in 

gm. per kilo of body weight. The animals are numbered serially. 


| Liver glycogen, per cent 


' 
Animal 























Sugar N Dose Average 
wee |Controt} i. | io hes. | i2 brs. |— | Afeer | increas 
| | | > " | Control a —— 
Sugars given per os 
Mannose. "e 5 3 1.05 0.81 
¢ as a 6 3 1.11 1.69 
ae 7 3 0.61 1.31 
nas ade dat : 8 3 0.49 1.28 | 0.81 | 1.27 | 0.46 
Glucose e 11 3 0.79 1.00 
ee AEX STT 12 3 | 0.32 3.73 | 0.56 | 2.37 | 1.81 
Mannoge............. 13 4 1.40 
“ sdeariaatcstcnth, dil 14 5 2.53 | 1.97 | 1.20* 
Glucose....... aa et 5 4.03 
S af ee. ee 19 4 | 4.82 4.41 | 3.64* 
Sugars given subcutaneously 
CO ST 1 3 | 0.39 | 2.99 
as 2 3 | 1.36 | 2.93 | 
se a re 3 3 1.02 3.81 
“ hy EPS 4 3 0.55 2.90 | 0.83 | 3.16 | 2.33 
YR See 3 1.99 
ne 21 3 2.60 2.29 | 1.52* 
Sugars given intraperitoneally 
Mannose.......... “a MB) ~3 | 2.29 
a ae 16 5 4.11 3.20 | 2.43* 
ak sis ons 58-0 17 5 4.15 4.15 3.38 


* Based upon the average control value for ten rabbits (0.77). 


mannose experiments as shown in Table II. Control values for liver 
glycogen during fasting averaged 0.77 per cent in ten animals. Negative 
controls on the effects of length of fast, anesthetic, and operation on liver 
glycogen carried out by Cohn and Roe (39) in this laboratory showed 
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that at the 12 hour period total liver glycogen values by this technique 
must be greater than 1.08 per cent to be significant (average of nine ex- 
periments). Translating this figure into terms of glycogen increase due to 
sugar administration gives a value of 0.31 per cent (1.08 — 0.77) which 
would be the minimum that could be accepted as significant in these 
experiments. The last column of Table II, labeled “Average increase,” 
represents glycogen deposited owing to the influence of the sugar adminis- 
tered, and is found by subtracting the value for fasting liver glycogen from 
the total value found 6, 10, or 12 hours after sugar administration. All 
values reported for glycogen percentages after sugar administration are 
averages for samples from two lobes of the liver. 

Inspection of Table II shows that mannose given orally at 3 gm. per kilo 
produced an amount of extra glycogen that is very little greater than the 
minimum significant value (0.31) under these experimental conditions, but 
that when the dosage was raised to 4 or 5 gm. per kilo an average of 1.2 
per cent of glycogen was deposited during 10 hours. When mannose was 
given subcutaneously at 3 gm. per kilo it is seen that the glycogen deposited 
after periods of 6 or 12 hours amounted to 2.33 per cent on the average. 
The latter figure was higher than that for glucose run under the same 
conditions. In the last section of Table II it will be seen that the figure 
for glycogen deposited after mannose administration by the intraperitoneal 
route compared favorably with that for the glucose experiment. Table II 
shows in general that in the animals tested mannose raised liver glycogen 
slightly when given orally, and, when administered parenterally, this sugar 
was glycogenic to approximately the same degree as glucose. 


DISCUSSION 


Studies on carbohydrate balance showed that mannose is utilized to a 
high degree by rabbits, since an average of 96 per cent of varying dosages 
of the sugar was retained by these animals after administration by the oral 
or intraperitoneal route. The present studies have shown that mannose 
was absorbed from the gut and appeared in peripheral venous blood of the 
rabbit after mannose ingestion. In addition mannose administration pro- 
duced an elevation of blood glucose. Increases in blood glucose could be 
interpreted as being due to conversion of mannose to glucose or to stimula- 
tion of a glucose-producing mechanism. Stimulation of the formation of 
blood glucose by a saccharemia of a non-utilizable sugar is unlikely. The 
data of Roe and Hudson (40) in which a hypersaccharemia was produced 
by mannoheptose administration showed no significant increase in fer- 
mentable reducing substance in the same bloods. Therefore, it is concluded 
that the data of the present studies can be interpreted as showing conver- 
sion of mannose to glucose. 
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Some insight into a possible mechanism for the metabolic transformation 
of mannose to glucose is gained from the studies on lactic acid and glyco- 
genesis. Since, by the use of a specific method, no fructose was found in 
any blood sample from animals tested during the course of hyperglycemia 
following mannose administration, direct conversion of mannose to glucose 
by epimerization and attendant Lobry de Bruyn equilibrium appears to be 
excluded. Rynbergen and coworkers (38) suggested that lactic acid may 
be an intermediate in the transformation of fructose to glucose. Cori (41) 
stated that lactate surpasses even fructose in the formation of liver glyco- 
gen. The well known lactic acid cycle establishes an important link be- 
tween the carbohydrate metabolism of muscle and liver. Muscle (and 
other cellular) glycolysis produces lactate which forms liver glycogen; when 
liver glycogen is hydrolyzed, glucose results. A plethora of a sugar such 
as mannose could thus reappear in the blood as glucose after glycolysis in 
blood and tissues and subsequent glycogenesis and glycogenolysis in the 
liver. Such a scheme would fit the case of mannose, since blood lactate, 
liver glycogen, and blood glucose were found to increase after mannose 
administration. 


SUMMARY 


1. Studies of the metabolism of mannose in the rabbit have been car- 
ried out. 

2. Experiments on carbohydrate balance showed an average retention of 
96 per cent of doses of mannose of 2 to 5 gm. per kilo when this sugar was 
administered orally or intraperitoneally. These results indicate a high 
degree of utilization of mannose by the rabbit. 

3. Mannose appeared in the peripheral venous blood and produced an 
elevation of blood glucose in all animals tested after mannose ingestion. 
No fructose was found in any blood sample from animals tested during the 
course of hyperglycemia following mannose administration. 

4. Mannose administration led to an increase in blood lactic acid. 
Elevations in blood lactate produced by mannose were similar to those 
after glucose administration in that they paralleled increases in total blood 
sugar. These results were in contrast to those of a control experiment 
with mannoheptose in which blood lactate remained constant at the basal 
level even when a saccharemia of 200 mg. per cent was reached. 

5. Amounts of liver glycogen found at 6, 10, and 12 hours after mannose 
administration were approximately of the same order as those found after 
glucose administration at the same dosage level when these sugars were 
given parenterally to animals previously fasted 24 hours. 

6. The combined results of the experiments carried out indicate that 
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mannose is fairly slowly absorbed from the gut, well utilized, and con- 
vertible to glucose in the intact rabbit. A possible mechanism for the 
metabolic conversion of mannose to glucose by way of lactic acid and liver 


glycogen is suggested. 
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STUDIES ON THE RELATION BETWEEN VITAMIN M, 
XANTHOPTERIN, AND FOLIC ACID* 


By JOHN R. TOTTER, CARROLL F. SHUKERS, JACK KOLSON, 
VIRGINIA MIMS, anv PAUL L. DAY 


(From the Department of Physiological Chemistry, School of Medicine, University of 
Arkansas, Little Rock) 


(Received for publication, November 5, 1943) 


A series of reports from this laboratory (2-5) and an independent and 
simultaneous series of investigations in British laboratories (6-8) have 
established that the rhesus monkey (Macaca mulatta) requires a water- 
soluble substance (or substances) to prevent leucopenia, anemia, diarrhea, 
lesions of the mouth and colon, and eventual death. This factor, for 
which the term vitamin M was suggested, was shown to be distinct from 
thiamine, riboflavin, and nicotinic acid (3, 4). These observations have 
been amply confirmed by other workers (9-16). Wilson et al. (12) demon- 
strated that additional supplementation with calcium pantothenate, pyri- 
doxine hydrochloride, choline chloride, pimelic acid, glutamine, inositol, 
and sodium p-aminobenzoate failed to prevent the nutritional cytopenia. 
Those workers also observed that the intramuscular injection of a “folic 
acid’ concentrate restored normal white cell equilibrium. “Folic acid” 
concentrates have likewise proved effective in counteracting inhibition of 
growth in rats caused by feeding succinylsulfathiazole (17). Totter and 
Day (18) reported that synthetic xanthopterin will partially, but not fully, 
counteract the succinylsulfathiazole effect and suggested that “folic acid” 
concentrates might contain xanthopterin. The presence of the pterin in 
some such concentrates has been confirmed by Mitchell (19). 

In a preliminary publication (1) we indicated that xanthopterin has 
proved at least partially effective in restoring hemocytopoietic function in 
the vitamin M-deficient monkey, especially when the experimental animal 
also received a crude source of other factors. 

In this communication we wish to present our observations on the réle 
of xanthopterin in the nutrition of Macaca mulatia and at the same time 
to present analytical data indicating a dissimilarity in distribution of vita- 
min M and folic acid. We have also been able to confirm the observa- 


* Research paper No. 542, Journal Series, University of Arkansas. Aided by 
grants from the National Research Council, Committee on Meat Board Grants. The 
authors are indebted to Merck and Company, Inc., for supplies of pyridoxine hydro- 
chloride and calcium pantothenate, to Eli Lilly and Company for liver extract and 
thiamine chloride, and to the Winthrop Chemical Company, Inc., for riboflavin. 
Some of the results here reported have been given in abstract form (1). 
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tions of Wilson et al. that pantothenic acid, choline, p-aminobenzoic acid, 
pyridoxine, and inositol fail to prevent nutritional cytopenia when they are 
added to the vitamin M-deficient diet of monkeys. 


Methods 


Young, immature rhesus monkeys weighing approximately 2 kilos were 
used for the experiments. The method of care, handling, and selection 
has been described elsewhere (4). Blood for study was drawn from the 
animals at weekly intervals or oftener if it was deemed desirable, since we 
have found the blood picture to be the only reliable criterion of this defi- 
ciency. Hematological examinations were made by the same methods as 
were used by Shukers ef al. (20). Weight records were also kept, but they 
are not reported here, as they do not greatly aid in the interpretation of 
results. 

The basal ration (Diet 600) is similar to that used previously and had 
the following composition (air-dry weight): vitamin-free casein! 10 gm., 
polished uncoated rice 50 gm., ground whole wheat 15 gm., salt mixture 
(21) 3 gm., sodium chloride 2 gm., and cod liver oil 3 gm. The amount 
indicated above (83 gm.) was given daily to each animal after being mixed 
with water and cooked for 2 hours. The method of preparation of the 
diet has been detailed in an earlier publication (4). 

Vitamin supplements to the above diet were given separately in the 
form of tablets, which the monkeys consumed avidly, or as aliquots of a 
solution mixed with the diet just before feeding. Except as noted in 
Table I all the monkeys on which data are here reported received the fol- 
lowing: 10 or 20 mg. of ascorbic acid and 1 mg. of thiamine chloride daily 
and 50 mg. of nicotinic acid and 2 mg. of riboflavin three times weekly. 
In addition two animals received daily the following (which is indicated 
in Table II as “vitamin mixture’’): 100 mg. of inositol, 50 mg. of choline 
hydrochloride, 25 mg. of p-aminobenzoic acid, 1 mg. of pyridoxine hydro- 
chloride, and 10 mg. of calcium pantothenate. This vitamin mixture was 
added to the diet just before feeding as an aliquot of 25 per cent alcohol 
solution of the materials named. 

Two monkeys in this series received a daily supplement of 3 gm. of liver 
powder which was prepared by heating fresh beef liver in an electric oven 
for 24 hours at 100° and then grinding to a powder. Certain animals 
received supplements of fresh beef liver, fresh lean beef, or cured ham 
(Table I). These meats were obtained at local markets weekly and were 
stored in the refrigerator until used. As needed, they were ground in a 
meat chopper and mixed with the diet before cooking. 


*Labeo brand, purchased from The Borden Company, 350 Madison Avenue, 
New York, N. Y. 
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Xanthopterin was prepared by the method of Purrmann (22) and by a 
minor modification in which 2,4 ,5-triamino-6-hydroxypyrimidine bisulfite 
was used instead of the free base. The bisulfite derivative was obtained 
by heating the 2,4-diamino-5-isonitroso-6-hydroxypyrimidine (23) from 
33 gm. of 2 ,4-diamino-6-hydroxypyrimidine sulfate (23) with 90 to 100 gm. 
of sodium hydrosulfite in 100 ml. of water. After 30 to 60 minutes on the 
steam bath the mixture was diluted, boiled, treated with charcoal, and 
rapidly filtered while hot. The bisulfite of the triamino base separated 
rapidly on cooling. 6 gm. of this compound were treated with 10 ml. of 
water-free dichloroacetic acid and the remainder of the synthesis carried 
out as described by Purrmann (22). 

“Folic acid” assays were made on the basal monkey diet and on the 
various dietary supplements by the method of Mitchell and Snell (24), 
taka-diastase being used to liberate the stimulating factor (25). 


Results 

Comparison of ‘‘Folic Acid’ Content of Certain Materials with Their 
“Vitamin M” Activity—Table I briefly presents data on the folic acid 
content of the basal vitamin M-deficient diet and of several supplements 
which have been fed to monkeys, together with statements as to the effec- 
tiveness of these supplements in preventing vitamin M deficiency. As 
measured by the growth of Streptococcus lactis R, the daily allowance of 
basal vitamin M-deficient diet for a monkey (83 gm.) contains 31 y of 
folic acid; 5 gm. of dried brewers’ yeast, which when fed daily have been 
shown to prevent nutritional cytopenia in the monkey, contain 21 y of 
folic acid. The monkey which received 5 gm. of dried yeast therefore 
received 52 y of folic acid daily. On the other hand, the monkeys which 
received 3 gm. of dried liver powder daily received a total of 170 y of folic 
acid daily and yet were not fully protected against vitamin M deficiency. 
Also, the monkey which received 25 gm. of fresh banana daily was getting 
55 y of folic acid and yet developed nutritional cytopenia in the usual 
length of time. An examination of Table I reveals other situations in 
which the folic acid and vitamin M values do not appear to parallel each 
other. 

From these experiments it appears evident that. assays for ‘folie acid,” 
by the method with Streptococcus lactis R, do not measure vitamin M 
activity. This of course does not preclude the possibility that folic acid 
may be one of two or more substances with vitamin M activity. 

The recent isolation of crystalline vitamin B, by Pfiffner et al. (26) and 
a substance stimulating growth of Streptococcus lactis R by Keresztesy et al. 
(27) does not entirely clarify the status of “folic acid.” Since vitamin 
B, is an antianemia factor for the chick (26), it is not unlikely that it may 
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likewise stimulate hemopoiesis in the monkey. However, as this sub- 
stance is a stimulating factor for Streptococcus lactis R (28), it is very 
probably not always the limiting factor for the monkey in diets producing 
vitamin M deficiency. 

Effectiveness of Synthetic Xanthopterin in Curing and Preventing Nutri- 
tional Cytopenia in the Monkey—Table II and Fig. 1 present our data on 
the effect of xanthopterin on the blood picture of monkeys rendered cyto- 
penic by deficient diets. Monkeys 55 and 129 received xanthopterin in 


Tasie I 
“Folic Acid’’ Intake of Monkeys (As Contained in Basal Diet Plus Supplement) 
Compared with Effectiveness of Diet Supplements in Preventing ‘“‘Vitamin M”’ 
Deficiency 
Diet 600 fed throughout.* 


Daily “‘folic | 
| lacid” intake, 











Daily supplement eres) “tes wee 
of potency 
ae 7 
Nonet | 7 | 31 | Monkeys not protected 
“ee *t 2 j 50 | ce “ ec 
5 gm. fresh beef livert | 1 65-101 | Monkey fully protected 
3 * dried ‘ + 7 170t Monkeys not fully protected 
2.5 gm. ‘ brewers’ yeast§ 1 41 Monkey “ ‘* ” 
5gm. “ ys a l 52 “ fully protected 
10 * ” = 2 73 Monkeys “ ee 
2 “ Lilly’s liver extractt 1 | 115 | Monkey ‘“ " 
20 ** fresh beeft 1 | 50 z not protected 
10 “* cured hamft 1 35 40 7 x 
25 ‘“‘ fresh bananaf 1 55 .: “ " 





*In the second group the vitamin-free casein of Diet 600 was replaced by a 
crude casein (casein, edible, muriatic, manufactured by the Casein Company of 
America, New York). 

t In addition to thiamine, riboflavin, nicotinic acid, and ascorbic acid. 

t A single large batch prepared from one beef liver. 

§ In addition to 4 gm. of orange. 





the rapidly fatal, advanced stage of the deficiency. Nevertheless, both 
showed reticulocyte response and marked increase in both white and red 
cell counts, but the therapy was unable to prolong appreciably either the 
restored counts or the lives of these animals. 

Monkey 132, after developing the characteristic anemia and leucopenia 
on the deficient diet supplemented with 25 gm. of banana daily, was given 
5 mg. of xanthopterin per day for the remainder of the experiment. The 
white and red cell counts were raised to nearly normal levels and remained 
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TaBLeE II 


Hematological Data on Monkeys Which Received Diet 600 


Supplemented in Various Ways 
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Counts were made weekly or oftener but only the most significant data have been 


included in this table. 
White 








Monkey | Days on Diet Daily | . 
600 y supplement | blood 
o- cells 


| 





eS —— | ——__—. 
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55 0 | 10 gm. fresh beef | 6.6 
15 | 20 “ ” ¥ | 13.7 
100 | | 8.4 
} 165 8.5 
170 | § mg. xanthopterin added | 6.3 
174 Xanthopterin increased to | 7.5 
10 mg. 
176 | 10.1 
178 } 12.9 
181 | 1.9 
| Dead 
129 | 0 | Vitamin mixturet | 18.9 
| 21 14.1 
| 7 CO 6.3 
| 146 | 19.8 
| 203 3.2 
212 2.5 mg. xanthopterin added 3.7 
| 27 4.7 
218 | 5 mg. xanthopterin intra- 
| muscularly 
219 | 9.4 
229 1.1 
Dead 
132 . 2 25 gm. fresh banana 10.7 
44 13.2 
72 6.1 
84 4.4 
91 5 mg. xanthopterin added 3.6 
97 9.5 
105 Banana withdrawn 10.5 
121 8.4 
147 3.6 
149 1 mg. pyridoxine added 2.3 
155 4.0 
167 | 3.6 
190 3.6 
192 
Dead | 
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locytes | globin 
per 1000 | gm. per 
r.b.c. 100 ml. 
1 9.23 
4 | 11.29 
3 | 9.71 
3 | 7.80 
2 | 5.14 
12 | 8.72 
15. |. 5.78 
6 6.31 
2 6.28 
11.30 
2 7.89 
1 10.36 
1 | 11.10 
1 9.23 
2 7.61 
7 
30 6.57 
1 5.05 
2 8.05 
2 14.38 
3 9.02 
2 7.91 
1 8.24 
45 9.64 
2 9.09 
2 9.09 
1 8.15 
3 7.22 
0 8.10 
1 6.82 
10 8.42 
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TaBLe [I—Concluded 





— $$ 


White Red 














| 

Monk Days on Diet | ‘ a 
onkey ays.on Diet | Daily supplement | ined bleed a | pom 
pei | > thousands | millions per 1000 | gm per 
per c.mm. | per c.mm. | ¥.b.c. 100 mil. 
137 | 0 Vitamin mixturet + 1 mg. | 11.2 4.17 | l 9.71 

of xanthopterin | 
56 , 7.8 3.77 2 

104 | 9.4 4.89 5 8.59 
151 | 8.9 3.43 | 4 10.40 
201 ; 11.2 | 4.138 | 5 | 10.65 
249 | 11.7 | 3.97 7 | 10.00 
269 9.8 | 4.22 4 11.00 
289 5.2 3.20 | 2 8.80 

Still alive | 





* All the monkeys received 20 mg. of ascorbic acid and 1 mg. of thiamine chloride 
daily, and 50 mg. of nicotinic acid and 2 mg. of riboflavin three times weekly in addi- 
tion to the supplements shown in this column. 

t The daily dose of this vitamin mixture supplied the following: 100 mg. of inositol, 
50 mg. of choline hydrochloride, 25 mg. of p-aminobenzoic acid, 1 mg. of pyridoxine 
hydrochloride, and 10 mg. of calcium pantothenate. 


there with some fluctuation for almost 30 days. Thereafter the white cell, 
erythrocyte, and hemoglobin levels steadily declined until the death of the 
animal on the 192nd day of experiment. The addition of pyridoxine to 
the diet did not appear to influence the blood picture. 

The results obtained with Monkey 128 (Fig. 1) also show, very strik- 
ingly, the effect of xanthopterin feeding on the blood counts of the deficient 
monkey. The effect of heating and drying on the vitamin M content of 
liver was tested by use of two animals, Monkeys 125 and 128, which re- 
ceived 3 gm. daily of a powder prepared by drying fresh beef liver at 100° 
for 24 hours and then grinding it to a powder. Monkey 123 served as a 
control and received fresh liver; for a period of 463 days it received 10 gm. 
of fresh beef liver daily; thereafter until the present time (205 days) it has 
received 5 gm. of fresh liver daily, and is still in excellent health, with a 
normal blood picture. 

Monkey 128 developed moderate anemia and marked leucopenia after 
220 days on the experimental diet supplemented with 3 gm. of the heated 
dried liver (Fig. 1). Treatment with 2.5 mg. daily of xanthopterin was 
followed by a slight reticulocyte response and a steady increase in white 
and red cell counts, which reached normal levels in about 20 days and 
remained within normal limits until xanthopterin was withdrawn on the 
290th day. Thereafter the counts declined and treatment was resumed 
on the 324th day. The response to 10 mg. of xanthopterin daily for 3 
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days was very rapid but somewhat less satisfactory; 2.5 mg. daily for the 
next 3 months served to keep the counts fluctuating somewhat below pre- 
yious levels. The second withdrawal was followed by a rather prompt 
return of moderate anemia and severe leucopenia. Resumption of treat- 
ment with 5 mg. of xanthopterin was followed by a marked increase in 
reticulocytes, and slight increases of red and white cells for a few days. 
The animal became ill very suddenly on the 462nd day and died 2 days 
later with a severe leucopenia and the usual signs of vitamin M deficiency 
at autopsy. 
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DAYS ON EXPERIMENT 


Fic. 1. Hematological data on Monkey 128, male, which received Diet 600 supple- 
mented with 50 mg. of nicotinic acid and 2 mg. of riboflavin three times weekly, and 
with 20 mg. of ascorbic acid, 1 mg. of thiamine chloride, and 3 gm. of liver powder 
daily (the liver powder was prepared by drying fresh beef liver at 100° for 24 hours 
and grinding to a powder). The monkey was given 2.5 mg., 5 mg., or 10 mg. of syn- 
thetic xanthopterin daily at the times indicated on the chart. 


Monkey 137 (Table II) received 1 mg. of xanthopterin daily fromthe 
start of the experiment, in addition to the amounts of ascorbic acid, thi- 
amine chloride, nicotinic acid, riboflavin, inositol, choline hydrochloride, 
p-aminobenzoic acid, pyridoxine hydrochloride, and calcium pantothenate 
stated in the foot-notes to Table II. The blood counts remained within 
the lower range of normal for 269 days, but thereafter the blood picture 
slowly deteriorated. The monkey is still alive on the 289th day but is 
moderately cytopenic. Although xanthopterin has not completely pro- 
tected this monkey, it has appeared to delay definitely the onset of nutri- 
tional cytopenia. 
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These data strongly suggest that xanthopterin is required by the monkey 
for normal hemocytopoiesis. It seems probable that heating and drying 
liver destroy some other factor or factors likewise required for blood cel] 
formation, in addition to all or part of the xanthopterin known to be 
present in liver (29). 

The increase in leucocytes after injection of a “folic acid’’ concentrate 
noted by Wilson et al. (12) may have been due wholly or in part to the 
xanthopterin known to be present in such concentrates; however, our 
results by no means exclude the possibility that other substances in the 
concentrate were also active. 


SUMMARY 


In a number of materials assayed, the distribution of the factor stimu- 
lating growth of Streptococcus lactis R (folic acid) was shown to be different 
from that of vitamin M. 

Pantothenic acid, choline, p-aminobenzoic acid, pyridoxine, and inositol 
did not prevent nutritional cytopenia in the monkey. 

The treatment of cytopenic monkeys with synthetic xanthopterin was 
followed by reticulocyte responses and increases in red and white blood 
cell counts. 

The results suggest that xanthopterin or some closely allied substance 
may be required by the monkey for normal hemocytopoiesis; however, it 
seems probable that unidentified substances may also be necessary. 
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THE USE OF STREPTOCOCCUS LACTIS R FOR THE MEASURE-} 
MENT OF “FOLIC ACID’* 


By T. D. LUCKEY, G. M. BRIGGS, Jr., ann C. A. ELVEHJEM 


(From the Department of Biochemistry, College of Agriculture, University of 
Wisconsin, Madison) 


(Received for publication, October 29, 1943) 


During studies on two chemically unidentified, water-soluble vitamins 
necessary for the chick (designated as vitamin By and By (1)) “folic acid’” 
was determined routinely by the method of Mitchell and Snell (3). Al- 
though the method proved satisfactory for assaying similar preparations 
from liver, the medium was found to be inadequate in several essential 
factors when other materials were assayed. Since this rendered the assay 
unreliable under certain conditions, studies were made to see whether the 
deficiencies of the medium could be eliminated. This paper covers the 
vitamin, mineral, and other nutrient requirements of Streptococcus lactis 
R? and describes a medium which gives a more reliable assay for “folic 


acid.” 
Assay Procedure 


The inoculum is prepared directly from a stab culture in a sterile inoc- 
ulum medium (basal medium plus 200 y of solubilized liver per 10 ml.) 
and incubated for 8 to 30 hours at 30°. 

A series of duplicate tubes containing 0 to 300 y of solubilized liver is 
used to establish a standard curve. Varying amounts of the material to 
be assayed are selected which are estimated to give a response within the 
range of the standard curve. 

Natural materials often require liberation of the bound nutralite, which 
may be accomplished by digestion with taka-diastase, as recommended by 
the Texas workers (4). 1 gm. of finely ground sample is placed in 8 ml. 
of 1 per cent sodium acetate solution at pH 4.5 to 4.7. 20 mg. of taka- 


* Published with the approval of the Director of the Wisconsin Agricultural Ex- 
periment Station. Supported in part by grants from the Wisconsin Alumni Research 
Foundation and Swift and Company. 

We are indebted to Merck and Company, Inc., Rahway, New Jersey, for the crystal- 
line vitamins; to The Wilson Laboratories, Chicago, for solubilized liver (liver 
Fraction L) and whole liver substance; and to the Cerophyl Laboratories, Inc., 
Kansas City, Missouri, for grass juice powder and dried grass extract powder. 

1 “Folic acid” is the name applied by Mitchell e¢ al. to the material found in the 
norit eluate fraction of spinach which gives growth responses to both Streptococcus 
lactis R and Lactobacillus casei on a casein hydrolysate-synthetic medium (2). 

2 Streptococcus lactis Roger 1A at the University of Wisconsin, or No. 8043 of the 
American Type Culture Collection, Washington, D. C. 
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diastase in 1 ml. of water are added and the mixture is incubated under 
toluene for 24 hours at 37°. The digest is then neutralized, autoclaved 
for 15 minutes at 15 pounds, and diluted as desired. 

The samples are placed in tubes ? by 6 inches, the volume in each is made 
up to 5 ml., 5 ml. of basal medium are added, and the tubes are sterilized 
for 15 minutes at 15 pounds pressure. After cooling to room temperature, 
1 drop of the inoculum is added to each tube from a sterile pipette, and the 
tubes are incubated at 30° for 16 hours. Instead of plugging the tubes, it 
is convenient to put a cover over each rack during sterilization and incuba- 
tion. Possible contamination during inoculation is of little consequence 
when this fast growing organism is used in a short period assay. 

Response to “folic acid” is measured by use of a photoelectric turbi- 
dimeter (e.g. an Evelyn colorimeter with Filter 620 (5)). The amount of 
“folic acid” ir the unknown is calculated from the standard curve in terms 
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Fig. 1. Comparison of curves obtained by reading turbidity and pH, and titrating 
one set of tubes. G = galvanometer reading (see Table I). 
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of equivalent amounts of solubilized liver. Three to five concordant re- 
sults are averaged to give a final value. 

We have used two methods of expressing “folic acid” activity. One 
method gives the values in terms of per cent activity and is based upon 
the standard, solubilized liver, having 100 per cent activity. The other 
method involves an empirical procedure used by the Texas group (3) in 
which the standard liver extract is given a potency of 1 and “folic acid” is 
assumed to have a potency of 40,000. Thus the activity of the standard 
is 100 per cent in the first method and in the second method it is 25 y of 
“folic acid’ per gm. 

When a precipitate or a color is formed in the tubes (e.g. 10 y of a copper 
or a selenium salt will form obstructive precipitates), making turbidity 
readings inaccurate, the amount of “folic acid’’ in the sample may be caleu- 
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lated from either a titration curve or a pH curve. In Fig. 1 the turbidity 
curve is compared with curves obtained by reading the pH and titrating 
the same set of standard curves. 

Effect of Purines and Pyrimidines—Snell and Mitchell found that Strep- 
tococcus lactis R required adenine or guanine and thymine for growth (6). 
Thymine was also shown to be active by Stokstad (7), who found that 
thymine with adenine, guanine, hypoxanthine, or xanthine partially re- 
placed the Lactobacillus casei factor of Snell and Peterson (eluate factor). 


TaBLe I 
Effect of Purines, Pyrimidines, and “Folic Acid’’ on the Growth of Streptococcus lactis R 

















No. of 

Material added Amount experi-| G* 
ments 
MR  Focy bs ce peecdnwicdhssdeeuwe ben ceekesseeeeel 4 98 
ST. 655s ons daockweskon ee PEC ere ere eee 1 mg. 4 96 
I gsc owo c'anu. nay eves. dacs e aebeeksee eae ae ae 6 97 
RII, . 0s y-0.0'6 s'n'd wheel <2 ans eae aioe ee a a * 9 97 
Uracil..... + 0-0 0.6ky s8ecas etic al dk aes aan eaaeie ae > 2 96 
Thymine I a eet ee A Re 27 5 98 
Solubilized hivert PP re Paras Og a eee 40 ** 4 96 
= OF BSE SRK ook coe thikceiate esate 1 mg. 4 92 
" 6) 4 IS «5 nckieee wen ecBavie. ..* 4 91 
™ SS RR Be a os nk cack naabead vines 4 91 
° 7 GR a eee. 0. 2... c cee eks i ences ;.* 2 96 
" set ke <0: Maer 27 4 97 
aunind Cy) +4 addemlee. ....0... icone cendddecces ot¥epee 1 mg. 5 85 
= fe DO Ree pe co Si ee Teg 2 92 
“ CS) ie ee. . cs x ee eka Ga oss dated ,* 8 74 
” (2 “*) + uracil.. aes: : wert ‘= 2 96 
” (1 ‘‘) and xanthine (1 mg.) + ‘adenine. eee = 4 | 8 
“ a. " (1 ‘* ) + guanine. oo 4 | 86 
1 we dates - > © sacs ancl .. ¢ 2 | 79 
Adenine, guanine, xanthine, uracil (1 mg. each) + solu- 

POU MEW. oo cu ck Peewee wasn eEee ees atk es oeteee | Wy 4 | 89 

Adenine, guanine, xanthine, uracil (1 mg. each) + solu- | 
OG MIUNR as o.53 kik Cade vnc ctndacw eee sa eT | 200 “ 4 | 7 





*G= qalvenessster reading; 100 = no growth; 0 = total extinction of light; about 
70 = maximum growth. 
t Solubilized liver is a source of ‘‘folic acid.” 


From a study of the effect of purines and pyrimidines upon Streptococcus 
lactis R (Table T) it was found that these materials are active only in certain 
combinations. The most active combination was that of thymine with 
xanthine. These observations indicate that Streptococcus lactis R is 
stimulated by a pyrimidine and a purine. The pyrimidine may be thymine 
or a compound in liver, and the purine may be xanthine or a similar com- 
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pound. The large amounts of thymine (2 to 4 y per tube) and xanthine 
(100 y per tube) required suggest that these molecules are altered before 
they are physiologically active. 

The addition of a third member to this combination decreased the amount 
of growth obtained, suggesting that purines other than xanthine which are 
present in the medium combine stoichiometrically with the pyrimidine 
component to form a molecule which is less active physiologically than the 
xanthine-thymine (or their derivative) compound. This effect is similar 
to that of p-aminobenzoic acid versus the sulfonamides (8). Pennington 
noted similar results while studying stimulatory compounds with Spirillum 


serpens (9). 
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Fic. 2. Effect of vitamins on the growth of Streptococcus lactis R. Crystalline 
biotin acid was used for the biotin curve. G = galvanometer readings. 


It is evident from these results that materials containing large amounts 
of thymine can be accurately assayed for “folic acid’? only when extra 
precautions are taken. The amount of thymine in a sample could probably 
be estimated by determining growth activity after the sample has been 
treated with acid to destroy the “folic acid.”’ 

Vitamin Requirements—In order to determine the vitamin requirements 
of Streptococcus lactis R the vitamin to be studied was omitted from the 
basal medium (3). ‘Folic acid” was added to each tube in the form of a 
concentrate, the Super Filtrol eluate (1), equivalent to 100 to 500 y of 
solubilized liver. Typical curves showing the quantitative requirements 
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of the vitamins found to be necessary for the growth of S. lactis R are 
given in Fig. 2. From these and similar experiments, the approximate 
minimum vitamin requirements for S. lactis R in 10 ml. of a casein hydrol- 
ysate-synthetic medium are estimated to be as follows: biotin 1 to 4 
millimicrograms, calcium pantothenate <1 y, nicotinic acid 1 to 4 y, and 
pyridoxine 8 to 10 y._ Thiamine and riboflavin were without effect on this 
medium. S. lactis R has previously been reported to require 0.3 y of 
pantothenic acid per 10 ml. by Snell, Strong, and Peterson (10) and up to 
3 y of pyridoxine per 10 ml. by Snell and Guirard (11). 

These studies indicate that microbiological assays for biotin, pantothenic 
acid, nicotinic acid, and pyridoxine are possible with Streptococcus lactis R 
as the test organism. 
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Fic. 3. Growth-dosage curves of Streptococcus lactis R with potassium salts. 
G = galvanometer reading. . 

Fic. 4. Effect of nutrients on the growth of Streptococcus lactis R. Tryptophane, 
0.5 N; cystine, 1 N; sodium acetate, 10 nN; glucose, 20n. G = galvanometer reading. 


Mineral Requirements—A similar set of experiments was devised to deter- 
mine the mineral requirements of this bacterium. All of the salts were 
omitted from the medium for “folic acid” assay (with the exception that 
the medium was neutralized with 10 per cent sodium hydroxide), and 
Super Filtrol eluate equivalent to 200 y of solubilized liver was added to 
each tube. With this medium, potassium was the only mineral that needed 
to be added to produce good growth. In the absence of added potassium 
no growth was obtained. The following salts were added and found to 
have no effect: NH,Cl (0.1 to 10 mg.), NaCl (1 to 20 mg.), NaH,PO, (0.25 
to 10 mg.), MgNO; (0.05 to 2 mg.), FeSO, (2.5 to 100 y), and MnSO, 
(2.5 to 100 y). Experiments with potassium salts show (Fig. 3) that the 
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potassium in potassium chloride, dipotassium phosphate, and potassium 
acid phthalate is equally available. The increased amount of growth in 
the case of dipotassium phosphate above the actual potassium requirement 
(about 1 mg. of the salt), as compared to the decreased growth obtained by 
adding potassium chloride above the potassium requirement, may be 
accounted for by the buffering action of the dibasic salt. 

These curves indicate that this organism might be used in a micro- 
biological assay for potassium. 

Requirements for Other Nutrients—The requirement for each of the other 
nutrients under the conditions of the assay was determined by the same 
technique. The results are summarized in Fig. 4. The best growth (as 





Taste II 
Basal Medium for Streptococcus lactis R in 16 Hour ‘‘Folic Acid’’ Assay 
Constituent Amount per tube yn dy 
EOD, 5c cash aesstetessces. nace chica 20 mg. 4 gm. 
Glucose. .. ioe cale 2 Vetines cee ee 100 “ _ 
Casein (acid-hydrolyzed)............... 50  '* 
l-Cystine é, eT TteT. ee ®, 200 mg. 
l-Tryptophane.. 7+ 600 “* 
Adenine sulfate 0.1 mg _ 
Guanine hydrochloride a ge 
a fh qe 20 “ 
Thiamine hydrochioride......................-ccecees 27 0.4 mg. 
ERE SS OS Oe ee Ere e Perrye 27 _Y wa 
Ee URE LE CEEELE LEEEEEEAE ETL TS 6 ‘ B®... 
Pyridoxine hydrochloride.................... 12 ** 2.4 “ 
Calcium pantothenate.................... 4“ 0.8 “ 
ees, COamoemtrate) . ... . oo... 6. cccccccsess 4 millimi- 0.8 ¥ 
crograms 

I inline: » a6 te 16dieeie : 50 mg. 10 gm. 

5 ee. 1 liter 


Water to make............ 


measured by turbidity) was obtained with 3 mg. of tryptophane, 1 to 3 mg. 


of cystine, 10 mg. of sodium acetate, and about 40 mg. of glucose per tube. 
Medium—aA complete basal medium for the “folic acid” assay based on 


the above results is given in Table IT. 

The solutions for the various constituents of the medium are made up as 
follows: 

Vitamine-free, acid-hydrolyzed casein.? 50 gm. of Labco casein are 
mixed with 500 ml. of HCl (280 ml. of concentrated acid diluted to 500 
ml.) and refluxed for 48 hours. The hydrolysate is concentrated in vacuo 


* This procedure was adapted from that of Mitchell ed al. (3). 
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to a thick syrup, redissolved in water, and reconcentrated four times. It 
is then taken up in water (500 ml.) neutralized to pH 3 with NH,OH, and 
5 gm. of norit A are added. The mixture is stirred for 30 minutes and 
filtered. The filtrate is neutralized with NH,OH. This, as well as other 
biological solutions, is preserved with toluene and kept cold. 

Adenine and guanine. These are dissolved together in a small amount 
of HCl with heat and diluted to 1 mg. in 4 ml. of water. 

Xanthine is dissolved in NH,OH and diluted to 1 mg. per ml. 

Cystine and tryptophane. Each of these is dissolved in a small amount 
of HCl and diluted to 1 mg. per ml. and 10 mg. per ml. respectively. 

Vitamins. 60 mg. of pyridoxine hydrochloride, 20 mg. of calcium panto- 
thenate, 30 mg. of nicotinic acid, 10 mg. of thiamine hydrochloride, 10 mg. 
of riboflavin, and 20 y of biotin (S. M. A. Corporation’s concentrate No. 
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Fic. 5. Growth-dosage curve with Streptococcus lactis R on the new medium. G = 
galvanometer reading. 


1000 may be used) are added to 100 ml. of water. This mixture is shaken 
well before being added to the basal medium (0.02 ml. per tube). 

Base. 10 per cent KOH is used to neutralize the medium to pH 7.0 
to 7.2. 

This medium is more reliable because extra amounts of vitamins supplied 
by the material to be assayed have no effect on the growth produced. The 
increased buffering action gives about twice as much growth as did the 
medium of Mitchell and Snell. Standard curves obtained with this new 
medium give a wider assay range and have a linear relationship between 
the amount of solubilized liver added and the amount of growth produced. 
(Compare the curve in Fig. 5 with that obtained with the old medium in 
Fig. 1.) It seems doubtful that maximum growth is obtained, since 
titration rarely exceeds 4 cc. of 0.1 N NaOH per tube. Further evidence 
for this is obtained when large amounts of Super Filtrol eluate and solu- 
bilized liver are used to make growth-dosage curves. The curve obtained 
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with the eluate reaches a plateau, while the liver curve continues upward. 
It has not been determined whether this effect is due to an extra amount of 
the known vitamins, a buffering action, or an unknown factor present in the 
liver which is not present in the eluate. 

In Table III typical results obtained with this medium are compared with 
those obtained with the old medium. Vitamin-rich materials show less 
“folic acid” activity with this medium than with the old one, since added 
vitamins have no effect on the growth obtained with the new medium. 

Compounds Tested for “Folic Acid’’ Activity—The following compounds 
were tested qualitatively by placing the amount indicated in tubes con- 
taining the basal medium. None of the compounds showed any “folic 
acid” activity. 

Amino acids which were tested for “folic acid” activity are 6-alanine 
(50 to 500 y), /-lysine (50 to 500 y), /-leucine (0.05 to 1 mg.), /-aspartic acid 














TaBLe III 
Activity of Materials Used for ‘‘Folic Acid’’ Sources* 
Old media New media 
Material = | 
Streptococcus Streptococcus Lactobacilius 
lactis R lactis casei 
| oI 
NED, oo rascccccesawee 100 100 100 
Whole liver substance............ 230 186 68 
Liver Fraction B............. fins 106 98 
Grass juice powder................ 187 147 68 
Dried grass extract powder....... 11 29 


* Based upon the standard, solubilized liver, having 100 per cent activity. 





(50 to 500 +), d-glutamic acid (50 to 500 y), l-arginine (50 to 500 y), and 
glycine (10 to 500 y). 

Other compounds of biological importance which were tested are 7-in- 
ositol (10 to 100 y), choline chloride (10 to 100 y), J-ascorbie acid (1 to 
100 y), 2-methyl-1 ,4-naphthoquinone (50 to 500 y), urea (10 to 50 y), 
uracil (50 to 500 y), uric acid (1 to 190 y), d-ribose (10 to 500 y), orotic 
acid (1 to 50 y), thymus nucleic acid (2 to 100 y), calcium nucleinate (1 to 
100 +), xanthopterin‘ (0.001 to 500 y), and p-aminobenzoic acid (10 to 
100 y). 

Compounds similar in structure to p-aminobenzoic acid which were 
tested are benzoic acid (10 to 100 y), o-aminobenzoic acid (10 to 100 y), 
m-aminobenzoic acid (0.5 to 200 y), potassium acid phthalate (0.01 to 
200 +), p-aminodiphenyl (1 to 100 7), p-aminopheny] (1 to 100 y), p-amino- 
phenylacetic acid (1 to 100 y), p-aminophenylglycine dihydrochloride (1 


* Prepared by R. C. Mills. 
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to 100 y), ethyl-p-aminobenzoate (0.01 to 200 y), p-dimethylaminoazo- 
benzene (10 to 100 y), aniline (30 to 100 y), salicylic acid (10 to 100 y), 
acetanilide (10 to 100 y), benzidene (10 to 100 y), and p-aminoazobenzene 
(10 to 100 y). 

Miscellaneous compounds which were tested are 2 ,4-diamino-6-oxypyri- 
midine* (10 to 100 y), isonitro derivative of 2 ,4-diamino-6-oxypyrimidine* 
(10 to 100 y), 2,4,5-triamino-6-oxypyrimidine* (10 to 100 y), malonic 
ester (10 to 50 y), sodium citrate (50 to 500 y), pyridine (1 to 20 y), guani- 
dine (10 to 100 y), and sodium diethyl barbiturate (10 to 100 y). The 
inactivity of these compounds serves to increase the significance of the 
growth responses obtained with thymine and xanthine. 

The “folic acid” content of a few materials used as a source of this factor 
was determined by means of both Streptococcus lactis R and Lactobacillus 
casei (Table III). The medium developed here was used; however, Speak- 
man’s salts (12) were added to the media for Lactobacillus casei, since it was 
found that good growth could not be obtained with this organism without 
large amounts of manganese or magnesium ions. When representative 
liver preparations used in study of the vitamin B complex on chicks (1) 
were assayed in the same fashion, the results with the two organisms 
agreed very closely. 


DISCUSSION 


“Folic acid,” as previously mentioned, is the name applied to a factor 
necessary for the growth of Streptococcus lactis R (2). It was originally 
differentiated from the eluate factor (a factor described by Snell and 
Peterson (13) and later by Stokstad (7) as a factor necessary for Lacto- 
bacillus casei) by the fact that “folic acid’ contained no phosphorus (3). 
This difference was eliminated when Stokstad announced that his purer 
concentrates were free from phosphorus (14). Mitchell et al. recognized 
that a “folic acid” concentrate produced growth of Lactobacillus casei 
under their conditions (3). Likewise Hutchings ef al. found that the 
eluate factor was of general nutritional importance within the group of 
lactic acid bacteria and the growth of Streptococcus lactis R was stimulated 
by the eluate factor under their conditions (15). 

Hutchings et al. (16) presented evidence suggesting that the Lactobacillus 
casei factor was identical with an unknown chick factor. We have since 
given evidence for the existence of at least three factors in norit eluate 
concentrates from liver; namely, vitamin Bio, vitamin By, and a factor 
needed by both Lactobacillus casei and Streptococcus lactis R (1). 

Recently a chick antianemia factor, designated by Hogan and Parrott 
as vitamin B, (17), has been reported to have been isolated in crystalline 
form (18). Observations were made to “demonstrate conclusively the 
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identity of Hogan’s antianemia factor and Peterson’s ‘eluate factor’.” 
However, Keresztesy, Rickes, and Stokes have isolated a compound which 
is active for Streptococcus lactis R but inactive for Lactobacillus casei (19). 
For reasons not divulged they indicate that this compound is neither “‘folic 
acid” nor the eluate factor. 

Stokstad (14) has lately announced the isolation of a crystalline material 
which seems identical from chemical analysis with the material isolated 
by Pfiffmer et al. (18). Stokstad’s crystals are active for both bacteria 
when isolated from liver but they are only one-half as active for Strepto- 
coccus lactis R when isolated from yeast. 

We have found (Table III) that whole liver substance and grass juice 
powder contain more of the growth substance (or substances) required by 
Streptococcus lactis R and relatively smaller amounts of the factor (or 
factors) required by Lactobacillus casei than does solubilized liver. This 
ratio is reversed in the case of grass extract powder. These observations 
and the above reports indicate the existence of at least two compounds 
which are physiologically active for these two bacteria. 


SUMMARY 


The optimum amounts of biotin, nicotinic acid, pantothenic acid, py- 
ridoxine, dipotassium phosphate, sodium acetate, tryptophane, glucose, 
and certain purines and pyrimidines were determined for the growth of 
Streptococcus lactis R on a casein hydrolysate-synthetic medium in order 
to facilitate the use of this organism in assay work. The data were used 
to build a new medium for Streptococcus lactis R which may be used to give 
a more reliable “folic acid”’ assay. 
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THE EFFECT OF pH OF THE FILTRATE ON THE RECOVERY 
OF INULIN AND DIODRAST FROM BLOOD PLASMA 
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Health Service, Federal Security Agency, and the Baltimore City Hospitals, Baltimore) 


(Received for publication, October 27, 1943) 


Removal of proteins from blood plasma by precipitation with cadmium 
sulfate and sodium hydroxide (3) has been recommended and used in the 
preparation of blood filtrates for the estimation of inulin and diodrast by 
previous investigators (1, 5, 8). Others have been unable to recover 
inulin quantitatively from such filtrates (6,7). This paper presents data 
which throw some light on a probable source of these differences, and indi- 
cates that the pH of the filtrate influences the recovery of inulin. 


EXPERIMENTAL 


Samples of blood plasma containing 20 mg. of inulin and 2 mg. of diodrast 
per 100 cc. were prepared. 20 mg. of purified inulin were dissolved in 5 cc. 
of 0.9 per cent NaCl containing 2 mg. of diodrast and diluted to 100 cc. 
final volume with the plasma. Blood 1 was a citrated plasma obtained 
from a blood bank. Bloods 2 and 3 were drawn directly into dry flasks 
containing the required amount of dry heparin to prevent clotting. The 
blood was centrifuged and the plasma separated for use. Samples of each 
plasma were reserved without addition of inulin or diodrast for blank tests. 
Both control and experimental samples of plasma were treated with washed 
yeast for the removal of glucose prior to the preparation of filtrates. Fil- 
trates of varying pH were prepared from each plasma by adding 1 volume 
of 0.80, 0.90, 1.00, 1.05, 1.10, 1.12, 1.15, or 1.20 ~ sodium hydroxide to 1 
volume of plasma in 8 vilusaes of acid cadmium sulfate solution. Control 
or blank filtrates were prepared with each concentration of alkali as well. 
Thus filtrates were obtained at eight different pH levels for each blood. 
After filtration, the pH of the filtrate was immediately determined with 
the glass electrode. 

Inulin was determined in each filtrate by the following modification of 
Harrison’s method (4): to 5 cc. of filtrate, diluted to contain from 3 to 20 y 
of inulin per cc., 10 ec. of diphenylamine reagent were added in a 19 X 150 
mm. Pyrex test-tube graduated to contain 15 cc. (Fresh diphenyla- 
mine reagent was made each gay by dissolving 3 gm. of diphenylamine 
(Merck’s) in 100 c@. of glacial acetic acid. To this solution 60 cc. of con- 


* With the technical assistance of Marvin J. Yiengst. 
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centrated HC] were added.) After the contents of the tubes were mixed 
well, the tubes were heated in a boiling water bath for 60 minutes, cooled to 
room temperature in tap water, and the volume adjusted to the 15 cc. mark 
by the addition of water. After the mixing, the color was compared with 
a water blank similarly treated, at a wave-length of 640 my in the Coleman 
universal spectrophotometer with a No. PC-4 filter and a slit width of 35 
my. Blank determinations were made on plasma filtrates prepared at the 
same pH. 

Diodrast was determined in each filtrate according to the method of 
Flox, Pitesky, and Alving (2). The color intensity of the iodine liberated 
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Fig. 1. Effect of changes in pH of plasma filtrates on the recovery of added inulin 
and diodrast. 


after 10 minutes was read in the Coleman universal spectrophotometer at 
a wave-length of 400 my with a No. PC-6 filter. 
Results 
The results obtained with three blood samples are shown in Fig. 1, in 
which the pH of the filtrate is plotted against the per cent of inulin or dio- 
drast which was recovered. The data indicate that for complete recovery 
of inulin the pH of the filtrate must be less than 8.5. No loss of diodrast 
was observed, but in filtrates with pH greater than 9.5, the apparent 
recovery was greater than 100 per cent. 


SUMMARY 


The recovery of inulin from blood plasma filtrates prepared by the 
precipitation of cadmium sulfate with sodium hydroxide was incomplete in 
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filtrates with a pH greater than 8.4. At pH 10.2, less than 5 per cent of 
the added inulin was recovered. Recovery of diodrast was complete in 
filtrates with a pH of 9.5 or less. At higher pH levels, high diodrast read- 
ings were obtained. 
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THE ADRENALS AND THE MOBILIZATION OF STORED FAT 
FORMED FROM DIETS CONTAINING DIFFERENT FATS* 


By LEO T. SAMUELS ann ROBERT F. CONANT 


(From the Division of Physiological Chemistry, Department of Physiology, University 
of Minnesota Medical School, Minneapolis) 


(Received for publication, September 14, 1943) _ 


It has been amply demonstrated that the metabolism of the rat is dis- 
turbed by adrenalectomy. The more rapid disappearance of carbohydrate 


_ on fasting has been attributed to decreased glyconeogenesis from protein 


(1,2). However, the accumulation of fat in the liver is’ also decreased and 
is not restored to normal by salts alone (3, 4). Since a large part of the 
normal metabolism of the animal during fasting is that of fat, it was thought 
worth while to investigate the rate at which fat disappeared from the liver, 


| mesenteric stores, and skeletal muscle of adrenalectomized rats when food 








was withheld. 

Since tung oil contains a high amount of conjugated fatty acids, one diet 
contained this fat in an emulsified form, the original plan being to use this 
asatracer. This did not prove feasible, but it was found that the presence 
of this fat considerably increased the excretion of acetone bodies and the 
loss of fat from the liver during fasting. 


Methods 


Young male rats of the Sprague-Dawley strain, 75 to 90 days old, were 
divided into twelve groups of five to eight rats each with similar distribu- 
tions of body weight. They were then fed one of the two diets listed in 
Table I for 6 days by the stomach tube method of Reinecke et al. (5). 

The sodium bicarbonate was included to increase the ketogenic effect of 
the diet. Each rat was given 1 cc. of diet twice a day for every 60 sq. cm. 
of body surface. All animals received the Rubin-Krick solution to drink 
(6). Two groups were adrenalectomized at the beginning of the feeding 
period, the lumbar approach being used, and four other groups at the end 
of the 6 day feeding period. Table II gives an outline of the treatment for 
each group. 

Groups 1, 2, 5, and 6 were placed in metabolism cages during the feeding 


* This work was supported by grant No. 453 of the Committee on Scientific Re- 
search, American Medical Association. 

Assistance in the preparation of these materials was furnished by the personnel of 
the Work Projects Administration, Official Project No. 165-1-71-124, Sub-project 
No. 355. 
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H period. The urine was collected in 48 hour portions and analyzed for total pa 
acetone bodies by the method of Van Slyke (7). During the fasting period an 
M, the urine of Groups 11 and 12 was collected and analyzed in the same of 
i of 
; 
} TaBie I fa’ 
Composition of Diets 
The diets were mixed and run twice through a small manually operated homo- Uf 
genizer. " 
Diet 1 Diet 2 dis 
. ee | wa 
EES Rates. s tecacaitatsp teceoss sees 17.6 | 69.2 in 
ee Bere Be een aoe cee cc ccese: | 74.6 | 
N.S SE. 21 UL Sis Peds toa ee nde bee Pei lic cccdees | 30.8 
ES, CEN GU Ss ol SIMUIES « wehh a nlee si bide delddid’s cele s avec edi LT Bug ; 
Vitamin B concentrate (Abbott), capsule................ angie 1 
crt aan . (850,000 units per ec.), drop........ 1 1 rel 
ET RE a a a ee te | 2 
Fat (analysis), per cent...... De aia cal caewinice Bt'a es andre | 56.5 55 
Tung oil fat, per cent.......... | dae Tes 
Tase II 
Urine Collection (2 Day Periods) during Experiments Covering 6 Days of Feeding 
Followed by 6 Days of Fasting 
Gump Diet Treatment ‘debe 
’ collection 
“ , days 
1 Butter fat Controls 6 
2 piles Adrenalectomized at beginning of feeding period 6 
3 he ioe Controls 12 
4 ae Adrenalectomized at beginning of fasting period | 12 
5 Tung oil Controls | 6 I 
6 — Adrenalectomized at beginning of feeding period | 6 mal 
7 wihdies Controls | 8 Adr 
8 uP Adrenalectomized at beginning of fasting period | s 
9 © sire Controls | 10 vité 
10 oe | Adrenalectomized at beginning of fasting period | 10 adn 
11 - = Controls , ae the 
12 | - | Adrenalectomized at beginning of fasting period 12 | 
ace’ 
F 
manner. All values for total acetone bodies are expressed as the equivalent diet 
weight of acetone. tom 





The animals were killed at the time indicated in Table II, and the livers _ byt 
were digested with 6 m KOH solution and the fatty acids extracted, titrated, how 
and weighed as previously described (8). In Groups 5 to 12 the perirenal, | dro 
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nal, and gonadal fat depots were also dissected out, dried with 
anhydrous Na,SQ,, ground, and extracted with petroleum ether. Aliquots 


| of the petroleum ether extracts were then dried and weighed. The muscles 


of the thighs were also removed in these groups, dissected free of observable 
fat, and treated in the same manner as the fat depots. 

Whenever adrenalectomy had been performed, the region around the 
upper pole of the kidney was examined for adrenal tissue. If any tissue 
resembled cortical tissue, the area was removed and examined under a 
dissecting microscope. In two cases tissue of possible cortical character 
was observed and these rats were discarded. Data for all other rats are 
included except when samples were lost during analysis. 


Results 


The excretion of acetone bodies is indicated in Fig. 1. The ketosis was 
relatively low on the diet in which the only source of fat other than the 
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Fie. 1. Excretion of ketone bodies in the urine of normal and adrenalectomized 
male rats during fasting subsequent to diets containing different fat mixtures. 
Adrenalectomy was performed at the beginning of the fasting period. 


vitamin concentrates was butter fat, even though sodium bicarbonate was 
administered. The effect of the presence of tung oil as 13.7 per cent of 
the total fat was quite marked. There was a 3-fold greater excretion of 
acetone bodies. 

Fig. 1 also illustrates the effect of adrenalectomy, and of tung oil in the 
diet, on the ketosis during a subsequent period of fasting. The adrenalec- 
tomized rats excreted only about one-third of the acetone bodies excreted 
by the controls. They showed a similar curve of excretion during fasting, 
however. There was a rise during the 3rd and 4th days and a subsequent 
drop, but not to the level of the first 2 days of fasting. 
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Liver Fat, Gm. /100Gm. Boor Wr. _ Depot Fat, Gm./ioGmBwW, Muscle Fat % 
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Fie. 2. Effect of fasting on the amount of liver, pararenal and gonadal depot, and 
muscle fat in normal and adrenalectomized male rats. The bars represent the mean 
values; the dots represent individual analyses. The value marked with an asterisk 
was not used in computing the mean. 



































Taste III 
Fat Content of Organs of Rats with and without Adrenals during Fasting Period 
Live at pen em. | Depot nt pe 100 | apace at 
Group No. . Fat in diet | 3 : | | 
: 3| Averifd error | S| standard error || standard en 
= Zz Z| Z| 
days meg. | mg. per cent 
1. Original 0 | Butter 60.75 + 0.065 5 2.56 + 0.25 | 
2. - 0. Tung oil | 5| 0.86 + 0.024 4) 3.15 + 0.08 5| 6.4 + 0.67 
3. Controls | 2 “| 5) 0.27 + 0.043 | 5) 2.26 + 0.08 | 5) 5.6 + 0.47 
4. Adrenalec- | 2 o a ego 5 3.8 0.4 + 43 
tomized | | 
5. Controls | 4 SY he 5) 0.16 40.02 | 5) 1.74 + 0.15| 5 7+0.30 
6. Adrenalec- | 4 9 A; | 4, 0.165 + 0. ois | 5| 2.55 + 0.23 | 5 5 + 0.48 
tomized , 
7. Controls | 6 + At 4| 0.116 + 0.029 | | 4/ 0.99 + 0.17 | 4 2.7+0.14 
8. Adrenalec- | 6 - 4| 0.115 + 0.015 | 5| 1.88 + 0.07 | 5 44+0.%4 
tomized | 4 
9. Controls | 6 Butter 6) 0.35 + 0.063 | 
10. Adrenalec- | 6 | ™ 7| 0.17 + 0.024) 
tomized | | | | 











The effect of the presence of the tung oil in the diet persisted during the 
subsequent fasting period. Its marked tendency to increase the degree of 
ketosis was observable in the absence of the adrenals, and was therefore not 
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mediated through them. The period of highest excretion was not signifi- 
cantly prolonged, however; it was reached on the 3rd and 4th day and was 
followed by a drop in the subsequent 2 day period. 

Fig. 2 and Table III show the change in fat content of the liver, fat 
depots, and muscles both after adrenalectomy and on the two types of fat 
diet. The removal of the adrenals did not significantly change the rate 
at which the fat content of the liver fell during fasting when the animal had 
previously been on the tung oil diet. When the previous diet had con- 
tained only butter fat, however, the decrease in liver fat was less in the 
controls than in the groups on tung oil. The difference was highly signifi- 
cant (P = <0.01 for Groups 7 and 9 and Groups 8 and 9). Removal of the 
adrenals appeared to have accelerated the decrease until it was approxi- 
mately the same as in the animals fed tung oil. The probability that the 
difference between the means for the control and adrenalectomized rats on 
the butter fat diet was due to chance was 0.02. 

Removal of the adrenals did affect the rate at which fat disappeared from 
the fat depots and muscles, however. The change during the first 2 days 
after the operation was similar in both groups, probably because of the 
effect of circulating hormone. After this, however, the decrease was slow 
and irregular in the adrenalectomized group, while the controls continued 
touse fat at asteady rate. The net utilization of stored fat during fasting 
seemed to be accelerated by the presence of the adrenal glands. The dif- 
ferences by the 6th day were highly significant: for muscle fat P = 0.02 
and for depot fat P = <0.01. 

During the feeding period, adrenalectomized rats accumulated only half 
as much fat in the livers as did the controls. This was true on either the 
tung oil or butter fat diets. 


DISCUSSION 


It would seem that the results obtained in this study could be best ex- 
plained by two assumptions: that adrenalectomy decreased the rate of 
transport of fat from the body stores to the liver or its uptake by the liver, 
and that the presence of tung oil increased the rate of fat metabolism in 
the liver. 

The lipolytic action of the tung oil would explain the increased ketosis 
in the normal animals on this diet and in subsequent fasting, associated 
with a more rapid drop in both liver and depot fat while fasting. 

On this basis the ketosis was reduced in the adrenalectomized rats, be- 
cause the fat was not removed by the liver with sufficient rapidity to 
enable it to form acetone bodies at the normal rate. This is borne out by 
the slower fall in depot fat during fasting. The lower level of liver fat 
during feeding with either diet and the more rapid decrease in liver fat 
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during fasting in the adrenalectomized rats fed butter fat are also com- 
patible with this view. Barnes et al. (9) have shown that conjugated fatty 
acids in the neutral fat fed did not accumulate as rapidly in the livers of 
adrenalectomized rats as in the normals, although they appeared with 
normal rapidity in the phospholipid fraction. In cats, Yeakel and Blan- 
chard (10) report lower plasma lipids after adrenalectomy. This would 
agree with the general thesis that adrenalectomy interferes with the passage 
of neutral fats (e.g. depot fat) into the hepatic cells and thus lowers the fat 
available for metabolism by the liver. 

If this is true, however, why did not the liver fat in the adrenalectomized 
rats on the tung oil diet fall more rapidly than that of the controls during 
fasting? One explanation would be that the fats were being metabolized 
so rapidly after the tung oil diet that the rate of fall of the liver fat was 
maximal. When one considers that the fat content of the livers fell 
from an average of 0.9 gm. per 100 gm. of body weight to 0.1 gm. per 100 
gm. of body weight in a period of 6 days during which fat mobilization and 
utilization was rapid, it is obvious that fat was passing out of the liver at a 
high rate. This is confirmed by the average acetone excretion of 71.5 mg. 
per day for a 150 gm. rat. In the adrenalectomized rats previously on the 
butter fat diet this rate of disappearance was approached but was not quite 
reached. If, then, this represents the maximal rate of fat disappearance 
under the circumstances, it is understandable that the adrenalectomized 
rats did not lose fat from the livers at any greater rate. The difference due 
to adrenalectomy should be reflected, rather, in a greater difference in 
acetone body excretion. This appears to be the case; the excretion in the 
animals without adrenals is one-third that of the controls when both have 
previously been on a butter fat diet, while it is only about one-fourth that 
of the animals on the tung oil. 

Verzér and Laszt (11) and Bavetta and Deuel (12) have introduced 
evidence favoring a delayed absorption of fatty acids as an important 
factor in fat metabolism of the adrenalectomized rat. While there may 
have been a small decrease in absorption, it is doubtful whether this could 
be a significant factor in the differences in liver fat and acetone body 
excretion, since the differences were similar during feeding and when 
adrenalectomy was performed after the last food was fed; in the latter case 
absorption could not possibly be the causal factor. 


SUMMARY 


Male rats 75 to 90 days of age were fed for 6 days on high fat diets, con- 
taining either almost all butter fat or 17 per cent tung oil and 73 per cent 
butter fat. They were then fasted for 6 days. Some rats were adrenalec- 
tomized at the beginning of feeding and some at the start of the fasting 
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period. Groups of both adrenalectomized and control rats were killed at 
the end of feeding and at intervals during the fasting period. 

The presence of tung oil in the diet increased the acetone body excretion 
in all animals both during feeding and in the subsequent fasting period. 

On fasting the ketosis increased, reaching a peak on the 3rd and 4th days. 

The ketosis was greater when the rats had been on a tung oil diet if 
normal or adrenalectomized rats were compared with similar rats fed butter 
fat only. 

The acetone body excretion was always greater in the normal fasting 


| rats than in adrenalectomized rats on the same diet. 











The liver fats of both adrenalectomized and control rats on the tung oil 
diet fell rapidly during fasting. The adrenalectomized rats used up their 
depot fats at a much slower rate than the controls, however. The liver 
fats of control rats which had been on a straight butter fat diet did not 
decrease as rapidly on fasting as in the adrenalectomized rats or the rats 
previously on the tung oil diet. 

An explanation of the data is offered on the assumption that the tung 
oil primarily affected the breakdown of fat in, and transport from, the liver, 
while adrenalectomy primarily affected the transport from the depots to 
the liver. 

Since the same type of differences appeared in fasting between controls 
and rats adrenalectomized after the last feeding as occurred between the 
two types of rats during feeding, it seems unlikely that changes in fat ab- 
sorption were major factors in the differences in liver fat and acetone body 
excretion. 
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STUDIES ON THE NUTRITIONAL BASIS OF ABNORMAL 
BEHAVIOR IN ALBINO RATS 


IV. CONVULSIVE SEIZURES ASSOCIATED WITH PYRIDOXINE 
DEFICIENCY* 


By R. A. PATTON, H. W. KARN, anp HERBERT E. LONGENECKER 


(From the Department of Psychology and the Department of Chemistry, University of 
Pittsburgh, Pittsburgh) 


(Received for publication, October 29, 1943) 


The rat has been observed to exhibit a behavior pattern characterized by 
_ yiolent convulsive seizures when exposed to intense auditory stimulation. 
Such seizures were first observed by Maier (22) when rats were forced to 
_ respond to a difficult problem. ‘‘Conflict” imposed by forced reaction in a 
| situation involving an insolvable problem was at first thought to be a 
necessary determinant of the abnormal behavior (23). Subsequent 
studies (1, 28, 31), however, demonstrated clearly that auditory stimulation 
alone was an effective means of eliciting such convulsions and, in addition 
(29), that the existence of a problem was not of basic importance for the 
appearance of the seizures. 

In previous studies in our laboratories, Patton, Karn, and King (32-34) 
obtained evidence that nutritional factors play an important réle in the 
' susceptibility of the rat to convulsive seizures induced by exposure to sound. 
Furthermore, inanition, vitamin B,, and vitamin B complex deficiencies 
were found to be contributing factors to increased sensitivity. A significant 
finding of one of these studies (34) was the fact that such convulsions, 
associated with low food intake and persisting despite high vitamin B, 
supplements, could be quickly reduced by the addition of a group of vitamin 
and mineral supplements. Reduction in sensitivity occurred even with a 
low caloric intake. Thus, there was the indication that protection was 
afforded either by the supplements per se, or that they permitted a more 
efficient utilization of food substances already present in the reduced food 
allowance. 

A continuation of the work has entailed the investigation of the specific 
or combined functions of individual components of the vitamin B complex. 
In the present experiments the effects of pyridoxine deficiency have been 


studied. 


* This investigation is part of a research program supported by a grant from the 


Buhl Foundation, Pittsburgh. 
Part of the data given in this paper was presented at the meeting of the American 


Chemical Society at Pittsburgh, September, 1943. 
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A number of investigators have reported the occurrence of a convulsive 
state in experimental animals subjected to pyridoxine deficiencies. Chick, 
El Sadr, and Worden (2) found that fits of an epileptiform nature appeared 
in rats maintained for long periods on a diet deficient in vitamin Bs. The 
seizures were characterized by hyperexcitability and circular running, 
tonic-clonic convulsions, and a comatose recovery period. Daniel, Kline, 
and Tolle (6) found that similar seizures appeared in young rats while being 
nursed by mothers maintained on pyridoxine-deficient diets. Although 
the diets were satisfactory from the standpoint of growth and reproduction, 
convulsions and failure of the young appeared suddenly toward the end of 
the lactation period. Such symptoms could be cured or prevented by 
pyridoxine supplements. Hyperirritability and convulsions accompanying 
pyridoxine deficiencies have been observed by other investigators in the 
pig (3, 39, 40), the chick (19), and in the dog (11). In all of these studies 
auditory stimuli have been found capable of precipitating attacks. 

The present experiments were designed primarily to investigate possible 
relationships existing between the sound-induced seizures studied previ- 
ously by Patton, Karn, and King and the convulsive fits referred to above 
which accompany pyridoxine deficiency in the rat. As a technique to 
impose varying degrees of pyridoxine deficiency upon young animals, the 
mothers at parturition were placed on pyridoxine-free synthetic diets or on 
diets having this vitamin present in graded amounts. Seizures which 
ranged from fatal spontaneous convulsions through a less acute convulsive 
state capable of being repeatedly elicited by exposure to sound have been 
observed. A decreasing sensitivity to sound-induced seizures has been 
correlated with increased dietary levels of pyridoxine. 


EXPERIMENTAL 


The rats used in these experiments were select male and female breeders! 
with relatively uniform genetic and dietary backgrounds. The females 
were approximately 100 days old when procured and averaged 220 to 250 
gm. in weight. When pregnant, the females were transferred to individual 
cages with raised, screen bottoms to prevent refection. Purina dog chow 
constituted the diet through pregnancy until shortly before parturi- 
tion, when synthetic diets (see below) were used. Litters were reduced to 
six on the 2nd day after birth and were regularly weaned at 21 days of age. 

Two basal experimental diets, essentially free of pyridoxine, were used 
throughout this work. The major components of these diets (in gm. per 
100 gm.) were sucrose 71, casein (S. M. A. vitamin test) 18, fat (Crisco) 5, 
salt mixture (6) 4, and cod liver oil (Mead’s) 2. To each 20 gm. of this 


1 Sprague-Dawley, Inc., Madison, Wisconsin. 
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mixture were added choline and two levels of thiamine, riboflavin, and 
pantothenic acid ? * to complete basal Diet I and basal Diet II, as given in 
the accompanying tabulation. The thiamine, riboflavin, and pantothenic 


Diet I Diet II 
NN SECT TET TTC oe tee ee 40) 150 
Se and w/a minted eimai tix aan ee 60 150 
OES OUR. Oi... 4 ic hein s <de SORES an ee* <a ee 100 200 
ECE Fr Pe Pe 10 10 


acid content of Diet I was comparable to that employed by Daniel, Kline, 
and Tolle (6) who found that complete protection against spontaneous 
seizures was afforded by 40 y of pyridoxine per day. The amounts of 
pyridoxine provided in our experiments are shown in Table I. 








TABLE I 
Amounts of Pyridoxine Hydrochloride Supplied per 20 Gm. of Diet 
Diet No. Pyridoxine Diet No. Pyridoxine 
Same : 
Ia 0 Ila 0 
Ib 25 IIb 25 
Ie 50 IIc 50 
IId 100 
| Ile 150 











Auditory Tests—All auditory tests were given in a sound-proofed box 
containing a resonated buzzer. (This apparatus has been previously 
described (30).) A standard exposure of 2 minutes was used for all tests.‘ 
Five consecutive daily tests were given the females prior to breeding. No 
trace of sensitivity appeared in any animal during these tests. Three 
similar tests were again made on all females when the young were weaned. 
Unless otherwise specified all young animals were given standard tests every 
other day beginning at the 17th day. 

Pyridoxine-Deficient Diets—Spontaneous convulsions occurred in young 
rats suckled by mothers maintained from parturition on the pyridoxine-free 
diets (Nos. Ia and IIa). 63 young rats from eleven different litters were 


* The vitamins used in these experiments were generously provided by Merck and 
Company, Inc., Rahway, New Jersey. 

* Diets were made up in 2 kilo lots. Vitamins in the amounts required were first 
mixed with the casein for 2 hours in a ball mill, after which the sucrose and salts were 
added and the total mixed for 3 additional hours. 

‘For detailed investigations of the essential characteristics of auditory stimuli 
capable of precipitating seizures, see Morgan and Galambos (27) and Galambos and 
Morgan (12). 
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studied (Table II). Spontaneous seizures were observed in forty-nine 
cases but undoubtedly occurred in many other cases at times when no one 
was in the laboratory. 

There was some variation in the age at which spontaneous convulsions 
were first observed, but the majority occurred between the 17th and 19th 
days. Initial symptoms included tremors, chewing movements, face 
washing, and retraction of the head with extension of the fore legs. Some 
hours later these animals showed bursts of circular running or crawling, 


Taste II 


Convulsive Seizures in Pyridoxine-Deficient Young Rats and Effects of 
Pyridoxine Supplements r 








Not supplemented 














aren Supplemented with pyridoxine* with pyridoxine 
weno. | Hitter | No.in |, mhich "7g pre 
Diet No. a ease | ae — ae ped ae . , _ 1 
observed | gnimals | Of ByTt |40daysafter| coinals | occurred 
supplement in group 
days y days 
la 1 6 19-23 3 10 2 3 28 
¥ 2 6 18-20 2 10 0 4 22 
*: 3 6 17-19 2 10 2 t 20 
Ila 4 5 15-20 | 5 21 
a Pe ee 14-18 3 10 3 3 20 
” 6 6 12-15 6 17 
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* The supplement (pyridoxine hydrochloride in 0.1 ml. of distilled water) was 
administered daily by pipette immediately after convulsive symptoms were first 


observed. i 


gave loud cries, and had convulsions. Seizures recurred at shorter and 
shorter intervals, with death generally ensuing on the following day. Stim- 
uli of various types, such as sounds, a puff of air, or handling, were all ef- 
fective in inducing spasms in these animals after the initial symptoms were 
noticed. 

Litters 4, 5, and 6 (cf. Table II) were subjected to the standard auditory 
tests immediately after the initial spontaneous symptoms of sensitivity were 
observed. Out of sixteen animals in which spontaneous seizures were later 
observed, nine convulsions were elicited immediately by the buzzer. Of 
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the seven remaining animals, four showed hyperactivity in response to the 
buzzer and three of these developed severe convulsions approximately 5 
minutes after being returned to their cages. In Litter 7, auditory tests 
were given from the 10th day after birth. These tests were ineffective in 
producing convulsions until after the initial symptoms (tremors, etc.) had 
appeared spontaneously. 

No convulsive seizures were observed in any of the mothers during this 
time, nor was there any sign of sensitivity in the mothers during three 
additional sound tests given 21 days after parturition. 

It is interesting to note that fewer spontaneous seizures were observed 
in litters from mothers which had been maintained on Diet Ia (less thi- 
amine, riboflavin, and pantothenic acid content than in Diet IIa). These 
litters also appeared less well nourished than those on Diet Ila. Records 
of the food intakes of the lactating mothers receiving Diets Ia and Ila 
showed great individual variations, but in general there was a decreased 
consumption of food during the lactation period, from an average of 21.5 
gm. at parturition to approximately 16 gm. when the young were weaned. 

Effect of Pyridoxine Supplements on Sound-Induced Convulsions—As 
shown in Table II, pyridoxine supplements in the amounts of 10 and 50 
y of pyridoxine hydrochloride daily were effective in alleviating convulsions 
in eleven out of fourteen young on Diet Ila, and four out of seven on Diet 
Ia. The convulsions stopped in most of the supplemented animals as 
suddenly as they had appeared. 

To determine the continued effect of pyridoxine on sensitivity to sound, 
these animals were maintained on their respective diets and supplements 
until they were 60 days of age. From weaning at 21 days, auditory tests 
were given every other day, resulting in a total of twenty tests for each 
animal. 

The total incidence of seizures throughout the 40 day observation period 
is shown in Table III. It is evident that, although spontaneous seizures 
were alleviated by pyridoxine, complete protection did not seem to be 
afforded against exposure to sound. Most of these animals showed a high 
and continued level of sound-induced seizures with the convulsive type pre- 
dominating. Two animals on Diet Ila showed an abrupt cessation of 
seizures and no further signs of sensitivity during these tests. 

Incidence of Sound-Induced Seizures in Rats Maintained on Different Levels 
of Pyridoxine—In the next experiment, 147 young rats from twenty-five 
litters were observed during periods from just before weaning to 60 to 90 
days of age. The litters raised on Diets Ib, Ic, and IIb were subnormal in 
weight and appearance at weaning. Also, weight gains of all six groups 
were subnormal during the experimental periods. Regular auditory tests, 
given every other day, were begun on 17 day-old suckling rats and discon- 
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tinued when it seemed that a stable level of sensitivity had been reached or, 
as in those groups receiving Diets Ib and Ic, an increasing number of deaths 
made further group comparisons difficult. No spontaneous convulsions 
were observed in any of these young animals, but sound-induced seizures 
were observed in all six groups (Table IV). The incidence of sensitivity for 
the groups raised on Diets IIb, IIc, IId, and Ile is shown in Fig. 1. 
Significant aspects of the seizure curves of these animals include the 
levels of sensitivity reached, the elapsed time before maximum sensitivity 


Tasie IIT 
Effect of Pyridoxine Supplements on Sound-Induced Convulsions 
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¥ | | | per cent | per cent | per cent 
Ia 4 10 so | 4 | 2 | 19 | 42 34 24 
Ila | 4 10 80 21 | 10 | 49 26 13 61 
oe so | 40 | 73 | 49 | 18 | 52 | 35 | 18 
TaBLe IV 


Incidence and T ype of Sound-Induced Seizures in Groups of Young Rats Maintained on 
Diets Containing Different Levels of Pyridoxine 
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was attained, and the severity of attack (convulsion or hyperactivity) 
characteristically shown by a group. 

Three additional daily tests were given to all the mothers beginning 21 
days after parturition. These tests revealed signs of sensitivity (running) 
in only one animal (on Diet Ib). The average daily food intake in the 
mothers at the beginning of the lactation period was 20.5 gm. With a 
number of individual variations, the average daily food intake decreased to 
16 gm. for groups on Diets Ib and Ic, 16.5 gm. for groups on Diets IIb and 
IIc, and approximately 19 gm. for those on Diets IId and IIe. 
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A high level of sensitivity developed rapidly in animals receiving Diets 
IIb and IIc. The development of sensitivity in these animals followed a 
similar sequence with seizures at first consisting only of short bursts of 
circular running. A steadily increasing number of convulsions emphasized 
the increasing severity of the attacks. This trend was well illustrated by 
the results of the last three tests given to those animals on Diet IIb. All the 
seizures observed during these trials were severe convulsive attacks. 

The course of sensitivity observed in the above groups contrasts with that 
for animals receiving Diets Ib and Ic. It will be recalled that the latter 
diets included lower levels of thiamine, riboflavin, and pantothenic acid but 
the same levels of pyridoxine supplied by Diets IIb and IIc. Along witha 
less satisfactory gain in weight and general appearance, seizures in the 
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Fic. 1. Incidence of sound-induced seizures 


animals receiving Diets Ib and Ic tended to be less severe, with running 
attacks predominating. When the highest level of sensitivity for a single 
day on Diet Ib was 66 per cent of the total number of animals, a higher per- 
centage (79 per cent) of the twenty-four animals in the group showed seiz- 
ures at some time during the experimental period. An increasing number 
of deaths from undetermined causes occurred in these two groups during the 
latter part of the testing period. 

In groups receiving Diets IId and Ile (higher levels of pyridoxine) sensi- 
tivity was delayed for significantly longer periods of time. Very few con- 
vulsions were noted (Table IV) and the attacks consisted only of short 
bursts of running. In two of the litters maintained on Diet Ile, there were 
three animals which showed scattered signs of sensitivity. The litters were 
from females which had produced convulsive young at an earlier breeding 
(Litters 4 and 5) when maintained on pyridoxine-free Diet IIa. 
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DISCUSSION 


The spontaneous seizures observed during the course of these experiments 
seemed identical with the convulsive symptoms previously found by 
Daniel, Kline, and Tolle (6) to be associated with pyridoxine deficiency, 
In addition, it appears that the sound-induced convulsive seizures found 
associated with varying dietary levels of pyridoxine are identical with 
those described in previous studies by Patton, Karn, and King (32-34), 
A continuum of sensitivity ranging from spontaneous and eventually fatal 
seizures through a subacute convulsive state easily precipitated by sound 
has thus been found to be correlated with increasing levels of pyridoxine. 

The present experimental findings seem to indicate that such an observed 
correlation does not necessarily imply a direct cause and effect relationship. 
In our first experiments, it was found that, when Diets Ia and Ila were sup- 
plemented with pyridoxine, the acute symptoms (spontaneous convulsions) 
rapidly disappeared and most of the young animals survived. In the 
second experiment, however, it appeared that such supplements given after 
the acute symptoms had begun were not effective in providing continued 
protection against exposure to sound.’ Later, the results again indicated a 
high degree of sensitivity to be associated with low levels of pyridoxine. A 
steadily increasing severity of attack was noted in animals receiving Diets 
Ib and IIb. With higher levels of pyridoxine a greater degree of protection 
was afforded. However, even in animals receiving Diets IId and Ile, 
sound-induced seizures did appear, although they were delayed and con- 
sistently less severe. 

There is thus some indication that dietary factors other than a specific 
deficiency of pyridoxine alone may be of importance in the etiology of the 
seizures. Other necessary food constituents may not have been present in 
optimum amounts in the synthetic diets used or their functions may have 
been impaired by the lower levels of pyridoxine intake. 

Strikingly similar convulsive seizures have been found to be associated 
with magnesium deficiency (15, 16, 20,37). The extreme vasodilatation of 
the exposed body surfaces which was found to be coincident with hyperir- 
ritability and convulsions in magnesium-deficient rats has not been observed 
in any of our animals. It is of interest for the present problem, however, 


’ There is the possibility that certain irreparable damage had resulted from the 
low level of pyridoxine intake or from the seizures themselves. These young animals 
in convulsion were frequently observed to be cyanotic. The arrest of breathing and 
symptoms of oxygen lack are well known in older susceptible animals (9, 30). There 
is evidence in the literature (13, 36, 38) that irreversible and summated damage to 
the central nervous system results in experimental animals repeatedly subjected to 
short periods of anoxia. Additional experimental work on the relation of oxygen lack 
to the seizures seems indicated. 
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that there is evidence (14) of a synergistic relation between a lack of mag- 
nesium and a lack of certain members of the vitamin B complex. 

Recent studies of sound-induced seizures have emphasized the physio- 
logical aspects of the problem. Evidence has been presented concerning 
autonomic discharge (1, 9, 17, 18, 21, 24, 25, 30), blood changes following 
seizures (5), and the action of drugs in alleviating seizures (4,17). Farris 
and Yeakel (7, 8) and Finger (10) have observed that age seems to be cor- 
related with sensitivity. Lindsley, Finger, and Henry (21) found phases of 
the attack to be associated with abnormalities of the electroencephalogram 
similar to those observed during the epileptic seizure. 

Apparently, a finely balanced mechanism is represented by the seizure 
threshold which may be influenced by a number of factors. It is to be ex- 
pected that differences in the testing environment such as variations in the 
type of auditory stimulation or conflict-producing situations would be cap- 
able of modifying the susceptibility of an experimental animal. The results 
of the present experiments indicate that before these effects may be properly 
interpreted, the basic physiological factors underlying the seizures must be 
more fully investigated. There is also the indication that the results of 
these experiments may be applicable to the early detection and evaluation 
of marginal deficiencies when physiological injury has occurred without 
external evidence of malnutrition. Such studies offer a new approach to 
an understanding of the mechanism of convulsive seizures. 


SUMMARY 


Spontaneous convulsive seizures have been observed in young rats suck- 
ling from mothers maintained since parturition on synthetic diets deficient 
in pyridoxine but supplemented with thiamine, riboflavin, pantothenic 
acid, and choline. Such symptoms which appeared towards the end of 
lactation could be quickly alleviated by the administration of pyridoxine in 
amounts as low as 10 y per day. However, neither 10 nor 50 y of pyri- 
doxine per day gave continued protection against similar convulsive seiz- 


* Recent studies (26, 35) appear to have demonstrated that the intestinal flora of 
the rat is capable of synthesizing in varying degrees many vitamins in the B com- 
plex. It is of interest that the cecum of young rats (where such bacterial synthesis 
is thought to occur) does not reach its maximum capacity until after the rat has 
passed 100 gm. in weight. At weaning, the cecum is only one-fourth as large relative 
to the digestive tract as it is in the adult animal. In the opinion of the above in- 
vestigators this may account for the well recognized fact that rats at this stage are 
less resistant to some vitamin deficiencies than they are later. Coupled with the 
added requirements during a period of active growth, these facts may have a bearing 
on the above findings of Farris and Yeakel that there is a high incidence of seizures 
in young animals and that such susceptibility decreases with advancing age. 
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ures which regularly appeared when these animals were given standard 
auditory tests over a 40 day period. 

When pyridoxine was included in the mother’s diet at levels varying 
from 25 to 150 y per day, no spontaneous seizures were observed in the 
young. However, a high incidence of sound-induced convulsive seizures 
was found when these young animals were given regular auditory tests 
from weaning at 21 days until they were from 45 to 90 days of age. No 
level of pyridoxine, from 25 y to approximately 150 y per day, was sufficient 
to afford continued protection from sound-induced seizures, but with higher 
levels of pyridoxine, the seizures were both delayed and less severe. 

These experiments appear to have demonstrated a correlation between 
the degree of pyridoxine deficiency and susceptibility to seizures. How- 

€Qver, in view of the relatively large amounts of pyridoxine required to 
obtain a reduced sensitivity, it is possible that another dietary factor or 
factors in addition to pyridoxine may be of importance in the etiology of 


the seizures. 
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Relatively little is known of the amino acid requirement of the lactic 
acid bacteria. Three species of heterofermentative lactic acid bacteria 
were studied by Wood, Geiger, and Werkman (1), and data are available 
for Lactobacillus casei (2), Streptococcus lactis R (3), and Lactobacillus 
arabinosus 17-5 (4,5). All of these species require from eight to ten amino 
acids, but little is known of the specificity of these requirements. 

The amino acid requirements of Lactobacillus arabinosus 17-5' have been 
investigated to extend our knowledge of the amino acid requirements of the 
lactic acid bacteria, and to study the possibility of using microbiological 
methods for the determination of amino acids. 


EXPERIMENTAL 


The basal medium used in these studies was similar to that of Snell and 
Wright (6), with the following changes. The casein hydrolysate, trypto- 
phane, and cystine were replaced by an appropriate mixture of amino acids 
and 0.3 per cent ammonium sulfate. The glucose and sodium acetate 
concentrations were raised to 1.75 and 0.875 per cent respectively. Gua- 
nine hydrochloride, adenine sulfate, xanthine, and uracil were added to 
supply 4 parts per million and all of the vitamins including p-aminobenzoic 
acid but not biotin were raised to 0.4 part per million. It was thought 
desirable to add an ammonium salt to the medium, since Frantz (7) has 
shown that the amino acid requirements of the meningococcus are much 
simpler in the presence of added ammonium salts. 

The ordinary procedures used in microbiological assays were followed 
(2,6). The rate of growth was followed by titrating the lactic acid formed 
and also by determining turbidities at intervals in the Coleman spectro- 
photometer set at 580 my. The total volume of the medium used, how- 
ever, was only 6 cc. per tube instead of the usual 10 cc. and titrations were 
made with 0.05 nN sodium hydroxide after a suitable period of growth. 


Results 


A mixture of 0.5 mg. of each of nineteen amino acids per tube produced 
rapid growth. These were eliminated one by one from the mixture with 


1 Obtained from the American Type Culture Collection. 
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the results shown in Table I. Growth failed when arginine, cystine, gluta- 
mic acid, isoleucine, leucine, methionine, phenylalanine, tryptophane, tyrosine, 
or valine was omitted from the medium. Aspartic acid, alanine, lysine, 
and threonine appeared to be stimulatory, while histidine, serine, hydroxy- 
proline, proline, and norleucine appeared to have little or no effect. The 
last three were later omitted from the amino acid mixture. When it be- 
came clear that the requirement for glutamic acid was high, the level of 
this amino acid was changed to 1.5 mg. pertube. This raised the maximum 
titration to about 14 cc. 

Rather extensive studies to determine the minimum amino acid require- 
ment showed that growth did not occur in a mixture of only the ten amino 


TaBLeE I 
Effect of Omitting Individual Amino Acids* from Basal Medium 














| 0.05 » | | 0.05 n 
Amino acid omitted lacid per) Amino acid omitted lacid per 
tu | | tube 
cc. | ce. 
1(+)-Arginine monohydrochloride.| 1.2 | 1(+)-Lysine monohydrochloride. .| 6.55 
dl-Aspartic acid.................. | 7.7 | dl-Methionine..... cock oe 
SE | 6.6 | dl-Norleucine......... soses one 
ES ee | 1.2 | dl-Phenylalanine... 1.30 
1(+)-Glutamic acid...............| 0.8 | l(—)-Proline............ ...| 8.9 
l(+)-Histidine monohydro- | dl-Serine........ | 8.45 
Es Bs ornts bi ins oo bm nes | 8.65 | dl-Threonine..... iawn dae 
1(—)-Hydroxyproline............. 9.75 | l(—)-Tryptophane................ | 0.8 
dl-Isoleucine.....................-} 0.8 | l(—)-Tyrosine.......... ssrrese| D8 
IIE, ccc sccvcsesccens, | 1.25 | dl-Valine......... ae erin they - | 0.75 





* All the amino acids were purchased from Merck and Company, Inc., Rahway, 
New Jersey. 


acids shown to be essential for this organism. With a basal medium con- 
taining 0.5 mg. of each of these ten amino acids per tube further additions 
of amino acids were made with the following results. Aspartic acid allowed 
about three-quarters of maximum growth and by the further addition of 
threonine and lysine practically maximum growth was obtained. The 
addition of threonine only allowed a small amount of growth which, how- 
ever, could not be subcultured. Threonine and lysine gave somewhat 
better growth but still considerably less than that obtained with aspartic 
acid alone. Lysine and aspartic acid gave no more growth than was ob- 
tained with aspartic acid alone. Regardless of the combination of amino 
acids added, growth failed when both threonine and aspartic acid were 


omitted from the medium. 
Since Kuiken et al. (4) and Shankman (5) have recently reported that 
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threonine and lysine were essential amino acids for Lactobacillus arabinosus 
17-5, these were reinvestigated. A 24 hour culture was washed three times 
with sterile saline according to the usual technique. After each suspension 
was made, 1 cc. was removed and diluted 10 times and seeded into a series 
of tubes containing lysine- or threonine-deficient media and graded amounts 
of these amino acids. The spectrophotometer readings at different times 
on the tubes inoculated with cells washed three times are shown in Table IT. 
Although there appeared to be a graded response to various levels of thre- 
onine and lysine during the early part of the growth period, fairly good 
growth finally occurred in all of the tubes regardless of the level of threonine 
or lysine. Washing the cells actually appeared to stimulate growth rather 
than decrease it, as would have been expected had an essential nutrient 


TaBie II 


Spectrophotometer Readings (in Per Cent Transmission) Taken at Intervals at 
Various Levels of Threonine and Lysine 


The basal medium contained all the amino acids except threonine or lysine. 














dl-Threonine added per tube l-Lysine added per tube 
Time 
Or 20 7 4007 150 y Oy 7 Oy 100 y 
Ars. 
15 90 88 87 7 78 73 72 68 
20 86 76 72 39 31 36 35 19 
38 35 25 21 1l 10 10 10.5 10.5 
44 20 18 14 i) 
86 11 10 10 9 


























been removed by washing. It is of interest to note that these studies were 
made after the amino acid composition had been changed as described above 
and much better growth was obtained on the deficient medium than is 
reported in Table I. 

Considerable study was made of the effect of histidine, alanine, and 
serine in various combinations added to a medium containing the essential 
amino acids and aspartic acid, threonine and lysine, and the latter amino 
acids in various combinations. No clear cut evidence for a requirement of 
histidine, alanine, or serine has been obtained. 

The quantitative requirement of all of the amino acids essential for this 
organism have been determined by adding graded amounts to a medium 
deficient only in the amino acid under investigation. Typical curves, such 
as are found in vitamin assays, were realized with cystine, tryptophane, 
phenylalanine, valine, isoleucine, and leucine. Certain inconsistencies were 
observed in the responses to methionine, arginine, tyrosine, and glutamic 
acid. These latter four have been investigated further and will be reported 
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in detail later. The quantitative requirements for the various essential] 
amino acids are in the range reported by Shankman (5). 

Preliminary studies of the use of the microbiological assay method for 
protein analysis are reported here for leucine, phenylalanine, and valine in 
casein and edestin, since they are suggestive of the results which can be 
obtained with the present method. The casein and edestin used for 
analysis were kindly supplied by Dr. H. B. Vickery. The hydrolysates 
were prepared by adding 0.5 gm. of the protein to 25 cc. of 6 N HCl and 
refluxing for 24 hours. The hydrolysates were then taken to near dryness 
repeatedly in vacuo, and finally neutralized, made to a given volume, pre- 


Tasie III 
Comparison of Activity of dl- and d-Valine 
dl-Valine per tube d-Valine per tube 0.05 w acid per tube 
Y Y 

0 0.8 

5 1.1 
10 1.76 
15 2.25 
20 2.95 
30 | 1.30 
45 §.10 
7 .20 
100 9.82 

10 0.4 

50 0.4 

100 0.4 

150 0.4 
30 50 4.25 
30 100 4.20 
30 150 4.30 





served by a layer of benzene, and kept in the ice box. These preparations 
were added in graded amounts to tubes containing all of the amino acids 
except the one under investigation and compared to a set of standard tubes 
after a suitable period of growth. Both spectrophotometer readings and 
acid titrations have been made. Titration usually gives more consistent 
results. 

Valine—Typical values for dl-valine and those obtained with d-valine 
and graded levels of d-valine plus 30 y of di-valine are shown in Table III. 
It is apparent that d-valine is completely inactive and furthermore does not 
inhibit the response of di-valine in the range tested. Thus only /(+)-valine 
is active. All results have been calculated on the basis that dl-valine is 50 
per cent as active as the naturally occurring amino acid. 
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Analytical results for an assay of the valine content of casein and edestin 
are shown in Table IV. These data are not selected but represent one of a 
series of assays. As in all biological tests, considerable variation may be 
expected, but it would appear that the results of a reasonable number of 
tubes are as reliable as the vitamin assays in common use. It has been 
observed that in the tubes containing protein hydrolysates growth is 
initiated somewhat sooner and reaches its maximum before those containing 
only di-valine. Since recovery of added valine is usually satisfactory, this 
effect may be similar to that observed by Feeney and Strong (8) with 











TaBLe IV 
Valine Content of Edestin and Casein 
. 0.05 N | | 70 oe 
nde — = L-Valinet| Valine | Aver- Vaded" Added valine | Aver- 
per | added ltion per content| age as pro- recovered | age 
tube tube tein 
mg. Y ce. Y | per cent | per cent Y Y per cent | per cent 
Edestin | 0.20 | 2.75 | 9.3 | 4.65 | 
| 0.30 | 3.95 | 13.8 | 4.62 
| 0.40 | 5.40 | 19.3 | 4.87 | 4.70 | 
/0.20; 5 | 4.00 | 14.05 | | 9.4 |4.55!| 91 
(0.30! 5 5.30 | 19.00 | 14.10 | 4.90 | 98 94.5 
Casein | 0.2 2.90 | 9.9 | 4.94 | 
0.25 3.45 | 12.0 4.79 | 
0.3 4.05 | 14.25 | 4.75 
0.4 5.55 | 20.00 | 5.00 | 4.88 
0.2 5 3.95 | 13.9 9.76 | 4.14 82.8 
0.25} 5 | 4.90/ 17.4 | 12.20 | 5.20 | 104.0 | 
0.3 5 5 5.85 | 117.0 101 


.70 | 20.5 | 14.65 








* Added as dl-valine. 
+ Determined from a standard curve with dl-valine. 
t Calculated from the average in the previous column. 


glutamine in pantothenic acid assays, when early growth was stimulated 
but the total amount of growth was unaffected. 

Leucine—Leucine assays have been generally satisfactory with recovery 
values well within the range expected. Pure d-leucine has not yet been 
tested for activity and the sample of dl-leucine available appears to be 
somewhat less than half as active as the 1 form. This effect is being 
investigated. 

Phenylalanine—The values for phenylalanine have been calculated on 
the basis that only the / form is active, although this has not been tested by 


actual assay. 
Leucine, Valine, and Phenylalanine Content of Casein and Edestin—The 








ue 


wae Se 


~ 


2 Armen shay talagag 
ee ae iy 








198 AMINO ACID REQUIREMENTS OF L. ARABINOSUS 


combined data from several assays for these amino acids are shown in 
Table V together with the per cent recoveries obtained by adding known 
amounts of the amino acid in question. Values from the literature are also 
given for comparison. No attempt has been made to select the data and 
these results probably represent the extreme variation that may be ex- 
pected by the methods as presented. 


TaBLe V 
Leucine, Phenylalanine, and Valine Content of Casein and Edestin As Determined 
by Microbiological Method 

In the assays for phenylalanine and valine, the di acid was used as a standard 
but the results are calculated on the basis that these are only half as active as the 
naturally occurring form. This has been proved by actual assay for valine but not 
for phenylalanine. 1(+)-Leucine (Merck) was used as the standard for the leucine 
assays. 

















| Casein Edestin 
| | 
Amino acid | seers | or’ he | Values from | | | cor x Values from 
| n amino acid literature and | ™®2 amino acid literature and 
| Se | ee. | _—"] eal 
| content | ver- " conten ver- 
| | Range | age | Range op 
| Per cent | per cent | percent per cent | orenms | getenes per cent per cent 
Leucine | 7.30 | 94-110 105 | 14.8 (9) | 5.45 |104-112) 107 
| 9.7 (10) | | | 
| 7.35 7.92 (11) | 5.62 | | 
| | 9.35 (12) | | 
| 8.10 | 96-115 103 | 10.5 (13) | 5.14 | 
| 6.70 | 
Phenyl- | 3.70 | 74-110; 92.5) 5.8 (9) | 4.02 | 82-112 3.09 (14) 
alanine | | | 3.88 (10) | 
| 8.2 (13) | 4.36 
Valine 5.20 | 80-97, 93 | 5.2 (9) | 4.73 | 87-100;% | 6.3 (15) 
| | 7.93 (10) | | 
4.87 | 83-117, 101 | 7.20 (16) | 4.70 | 93- 98) 95.5 














DISCUSSION 


Kuiken et al. (4) and Shankman (5) have reported that threonine and 
lysine are essential amino acids for Lactobacillus arabinosus 17-5. We have 
been unable to show that these are required. On the other hand, under our 
conditions, arginine, methionine, tyrosine, and phenylalanine were neces- 
sary. Kuiken et al. did not include the first three in their list of essential 
amino acids for this organism. Shankman reported that tyrosine and 
phenylalanine were required on one medium but was unable to show such 
a requirement when a different combination of amino acids was used in 
the basal medium. 












































ee 














D. M. HEGSTED 199 


It is possible, or even probable, that the nutritional requirements of 
Lactobacillus arabinosus cultivated in various laboratories may be different. 
However, close attention must also be paid to the constituents in the basal 
medium. In addition to the observation of Shankman concerning phenyl- 
alanine and tyrosine, Snell and Guirard (3) have shown that glycine, 
8-alanine, serine, and threonine are actually toxic to Streptococcus lactis in 
the presence of limiting amounts of alanine. Similar relationships for other 
amino acids have been reported by Gladstone (17), and Hutchings and 
Peterson (2) found that certain amino acids were inhibitory for Lacto- 
bacillus casei. If such relationships are general at the levels of amino acids 
used, the term “essential amino acid” may have significance only in relation 
to the composition of the basal medium. 

The results reported in this paper together with other favorable reports 
on the microbiological determination of amino acids (4, 18) suggest that 
these limitations may not be too serious. It is apparent, however, that 
the critical range is quite limited in most assays. Values read from a posi- 
tion too high or too low on the standard curve often show considerable 
divergence from those obtained in the medial portion. Such limitations 
are also usually apparent in other microbiological assays. 


SUMMARY 


1. The single omission of arginine, cystine, glutamic acid, isoleucine, 
leucine, methionine, phenylalanine, tryptophane, tyrosine, or valine from 
an adequate medium containing nineteen amino acids prevents the growth 
of Lactobacillus arabinosus. However, a mixture of only these ten amino 
acids is not adequate for growth. The further addition of aspartic acid 
allows growth, but threonine, lysine, and aspartic acid are required in addi- 
tion to the above ten amino acids for good growth. 

2. The results of microbiological assays of casein and edestin for leucine, 
valine, and phenylalanine are reported. 


BIBLIOGRAPHY 


. Wood, H. G., Geiger, C., and Werkman, C. H., Jowa State J. Sc., 14, 367 (1940). 
2. Hutchings, B. L., and Peterson, W. H., Proc. Soc. Exp. Biol. and Med., 52, 36 
(1943). 

3. Snell, E. E., and Guirard, B. M., Proc. Nat. Acad. Sc., 29, 66 (1943). 

4. Kuiken, K. A., Norman, W. H., Lyman, C. M., and Hale, F., Science, 98, 266 
(1943). 

. Shankman, S., J. Biol. Chem., 150, 305 (1943). 

. Snell, E. E., and Wright, L. D., J. Biol. Chem., 139, 675 (1941). 

. Frantz, I. D., J. Bact., 48, 757 (1942). 

. Feeney, R. E., and Strong, F. M., J. Am. Chem. Soc., 64, 881 (1942). 

. Block, R. J., and Bolling, D., The determination of the amino acids, Minneapo- 
lis, revised edition (1942). 


— 


Coon o or 





200 AMINO ACID REQUIREMENTS OF L. ARABINOSUS 


10. Foreman, F. W., Biochem. J., 13, 378 (1919). 

11. Levene, P. A., and Van Slyke, D. D., J. Biol. Chem., 6, 419 (1909). 

12. Van Slyke, D. D., Ber. chem. Ges., 43, 3170 (1910). 

13. Abderhalden, E., Z. physiol. Chem., 44, 23 (1905). 

14. Osborne, T. B., and Liddle, L. M., Am. J. Physiol., 26, 295 (1910). 

15. Schmidt, C. L. A., The chemistry of the amino acids and proteins, Baltimore 
(1938) . 

16. Osborne, T. B., and Guest, H. H., J. Biol. Chem., 9, 352 (1911). 

17. Gladstone, G. P., Brit. J. Exp. Path., 20, 189 (1939). 

18. Shankman, 8., Dunn, M. 8., and Rubin, L. B., J. Biol. Chem., 150, 477 (1943). 


ee 
ea 


f 
‘ 
b ——_ = 
a a 
wr _ 


} 
































MEASUREMENT OF THIOUREA IN ULTRAFILTRATE OF SERUM 


By THADDEUS 8. DANOWSKI 


(From the Department of Internal Medicine, Yale University 
School of Medicine, New Haven) 


(Received for publication, October 21, 1943) 


It has been suggested that thiourea, like urea, diffuses throughout all of 
the water in the body (1, 2).!_ If thiourea does permeate uniformly all 
water compartments and is not formed or destroyed in the body, it would 
fulfil the criteria of Winkler and Smith (3) as a measure of total body water. 
However, the ingestion or injection of large amounts of thiourea (6 to 10 
gm.) produces malaise, nausea, and vomiting (1). Attempts to use less 
have been hindered by the lack of a procedure for the measurement of low 
concentrations of thiourea in serum. ‘The use of protein-free filtrates, such 
as those obtained with the Somogyi procedure, trichloroacetic acid, or 
acetone, does not solve the problem. In the preparation of such filtrates 
the thiourea is diluted to very low concentrations, and substances are added 
which interfere with color reactions and titration procedures. 

In this paper a method is described for the measurement of thiourea in 
the ultrafiltrate of serum in concentrations of 0 to 10 mg. per cent. It is 
based upon Nicholes’ (4) use of the color reaction described by Grote (5) 
in which a specially prepared reagent reacts with the C=S portion of the 
thiourea molecule. Since thiourea is destroyed by direct contact with 
mercury, the Lavietes’ capsule (6) cannot be used to produce the ultra- 
filtrate. Hence a closed system with nitrogen under pressure has been 
employed for the formation of ultrafiltrate of serum. With few adapta- 
tions the same method has been used for the measurement of thiourea in 
urine and in aqueous solutions. 


Procedure for Analysis of Serum 


Ultrafiltration of Serum—A volume of blood sufficient to yield 7 to 10 ce. 
of serum is withdrawn under oil. The serum is introduced by capillary 
pipette into cellophane cylinders. The cylinders are then incorporated into 
a system containing nitrogen under a pressure of 15 cm. of mercury and 
placed in stoppered tubes (Fig. 1). This pressure is maintained for 24 
to 48 hours at temperatures of 6-10°. The refrigeration suppresses bac- 
terial growth which makes the ultrafiltrate opalescent. The ultrafiltrate 
which forms on the outer surface of the cellophane is collected in the tube 
as 4 to 5 ce. of clear, colorless fluid. This fluid contains, in addition to the 


! Lavietes, P. H., unpublished studies. 
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ultrafiltrable solutes of serum, the thiourea injected into the animal or 
added to the serum prior to ultrafiltration. 

Grote’s Reagent—0.5 gm. of sodium nitroferricyanide is dissolved in 
10.0 cc. of distilled water at room temperature. To this solution 0.5 gm. 
of hydroxylamine hydrochloride is added, followed by 1.0 gm. of sodium 
bicarbonate. When the evolution of carbon dioxide ceases, 10 small drops 
of bromine are added. A second evolution of gas occurs. When agitation 
no longer produces effervescence, the mahogany-brown solution is filtered 
into a 25 cc. volumetric flask and made up to volume with distilled water. 
This Grote’s reagent is diluted just before use by the addition of 4 parts of 
water. 

Dilute Grote’s reagent, even in the absence of thiourea, has a variable 
but significant amount of color, which absorbs light of the same wave-length 














SERUM 


CELLOPHANE———+ 
ULTRAFILTRATE RE") 


Fic. 1. Closed system of glass and cellophane used to form the ultrafiltrate of 
serum. 











as that produced by its reaction with thiourea. The addition to this 
reagent of an ultrafiltrate known to be free from thiourea further increases 
the absorption of light. Studies were conducted with a common Grote’s 
reagent and ultrafiltrates from seven patients and five dogs in fasting and 
non-fasting states. Provided that renal insufficiency, as manifested by an 
elevated non-protein nitrogen of the blood, was not present, the effect of 
the ultrafiltrate upon the amount of light absorbed is constant for as long 
as 49 days. However, since the color due to the Grote’s reagent itself 
varies, the color of a mixture of Grote’s reagent and ultrafiltrate was not 
constant in duplicate studies. This does not invalidate the method, since 
the factors responsible for this variation are present in both the standard 
and unknown solutions and affect the color of each to the same degree. 
It does necessitate, however, the construction of fresh standards for each 
group of determinations. 
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Standard Solutions—Thiourea? is recrystallized twice from water at a 
temperature no higher than 40°, and washed with alcohol and ether. It is 
then dried to constant weight in a desiccator and known solutions made 
which contain 3.0, 5.0, 6.0, and 8.0 mg. per cent of thiourea. Standards are 
then prepared with two or more of these solutions. To 9.0 cc. of distilled 
water in a colorimeter tube 1.0 cc. of ultrafiltrate of serum obtained prior 
to injection of thiourea is added, followed by 1.0 cc. of the known thiourea 
solution and 1.0 cc. of diluted Grote’s reagent. This sequence must be 
followed, since the mixture of undiluted ultrafiltrate with Grote’s reagent 
yields a less intense color. The tubes are then inverted several times and 
allowed to stand at room temperature. Within a few minutes a green, 
green-blue, or blue color develops with a maximum absorption of light of a 
wave-length of 560 to 610 » (4). At the end of 60 minutes the light ab- 
sorption of these standards is compared in an Evelyn colorimeter (aperture 
10, Filter 565) with a control made without thiourea. The results are 
plotted semilogarithmically. A straight line is obtained even when four 
different concentrations of thiourea are used. The inclination of this line, 
however, varies, and an extension of the line does not pass invariably 
through the origin. 

In the absence of renal insufficiency with azotemia, ultrafiltrate obtained 
from any serum can be used in the standards. Otherwise the ultrafiltrate 
obtained from the particular subject under study, prior to the administra- 
tion of thiourea, must be used. 

Unknown Solutions—The procedure with ultrafiltrate which contains an 
unknown amount of thiourea is identical with that followed in the prep- 
aration of standards, save that the ultrafiltrate is added to 10.0 rather 
than 9.0 cc. of water. Duplicate samples should give readings at 1 hour 
which differ by no more than a half division on the galvanometer scale, 
equivalent to 0.1 mg. per cent, or less. The concentration of thiourea in 
the unknown solution can then be read from the graph based upon standards 
prepared simultaneously with the unknown solutions. 


Modification for Analysis of Urine 


The procedure for the measurement of thiourea in urine differs in minor 
respects from that employed with ultrafiltrate. 2.0 or 4.0 cc. of urine are 
diluted with water to 100 cc. in a volumetric flask. 1.0 cc. of this diluted 
urine is mixed with 10.0 cc. of water and 1.0 cc. of Grote’s reagent. Two 
or more standards are prepared from known solutions, water, and Grote’s 
reagent. In contrast to the procedure with ultrafiltrate the sequence of 
addition is unimportant, and the green-blue color, once developed, is stable 


* Obtained from the Eastman Kodak Company. 
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for at least 21 hours at room temperature. Hence it is not necessary that 
these solutions be read at exactly 1 hour. No urine blank is necessary, 
since dilution results in a zero value. 


Characteristics of Color 


A blue color with maximum absorption of light in the 560 to 610 u band 
develops following the addition of Grote’s reagent to a solution of thiourea. 

Since the reagent is yellow in color, low concentrations of thiourea pro- 
duce a green tint. This reaches maximum intensity in 10 to 20 minutes. 
In aqueous or saline solutions the color is stable for as long as 21 hours at 
room temperature. This is also true of solutions made with diluted urine 
containing thiourea. 

In ultrafiltrate solutions, however, the color development is not as pro- 
nounced, and deterioration begins once it has reached maximum intensity. 
At room temperatures with diluted ultrafiltrate this deterioration is so slow 
that it is perceptible only in readings taken at 20 minute intervals. De- 
terioration can be accelerated by mixing Grote’s reagent with undiluted 
ultrafiltrate. An increase in the temperature of the solution similarly 
hastens fading. Decrease of the temperature to 6—-10° fixes the color for 
as long as 55 hours. 

Identification was attempted of the factor or factors in the ultrafiltrate 
which make the color unstable. To aqueous solutions of thiourea sodium 
chloride, sodium bicarbonate, glucose, and urea were added in physiologi- 
cal amounts. None of these procedures conferred upon the aqueous 
solution the lability characteristic of the ultrafiltrate mixtures. 

Repeated careful attempts to obtain a line graph of thestandard solutions 
which could be duplicated invariably were unsuccessful. This was true 
even though the chemicals used in Grote’s reagent were weighed to 0.5 mg. 
per cent. Use of either the original or freshly made Grote’s reagent in 
successive determinations did not eliminate this variability. Exact dup- 
plication of time consumed in mixing the solutions produced no significant 
effect. Storage of the solution at refrigerator temperatures stabilized the 
color once it reached maximum intensity but did not yield identical curves. 

At times an opalescent turbidity develops in the ultrafiltrate. This is 
the result of bacterial growth. It is undesirable, since it yields a false 
colorimetric reading. The frequency of this occurrence can be decreased by 
analysis of the ultrafiltrate soon after it is formed, or by storage at low 
temperatures. Attempts to prevent multiplication of the bacteria by the 
use of sodium cyanide or sodium sulfamerazine changed significantly the 
intensity of the color and the value of the control solution. 

Sulfocyanate in concentrations of 4 to 10 mg. per cent does not interfere 
with the formation of color due to thiourea. The reverse, however, is not 
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true, if sulfocyanate is measured in serum. A false high concentration of 
color is obtained. This difficulty can be circumvented by analysis of the 
ultrafiltrate rather than of the serum. Hence, if use of both procedures is 
contemplated in the same animal, the sulfocyanate study should precede 
the thiourea, or the serum should be ultrafiltered.* 


Recovery of Thiourea from Ultrafiltrate of Serum 


8.0 cc. aliquots of 3, 5, and 8 mg. per cent solutions of thiourea were 
dried in duplicate at 37° during a period of 6 days. The residue was then 
made up to its original volume with serum and subjected to ultrafiltration 
in the manner described. The amount of thiourea in the ultrafiltrates was 
then compared with control solutions which had been subjected to an 
identical procedure, except that thiourea was added to the formed ultra- 
filtrate. 

In six experiments of this type recovery of added thiourea was possible 
within the 0.1 mg. per cent limitation of the method. 


SUMMARY 


A colorimetric method is presented for the measurement of thiourea in 
concentrations of 0 to 10 mg. per cent in the ultrafiltrate of serum, in urine, 
and in aqueous solutions. A system is described for the production of an 
ultrafiltrate of serum by nitrogen under pressure with cellophane cylinders. 
Factors are discussed which affect the color produced by Grote’s reagent 
in the presence of thiourea. Recovery of known solutions of thiourea added 
to serum and subjected to ultrafiltration was possible within 0.1 mg. per 
cent. 
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USE OF THIOUREA AS A MEASURE OF CHANGE IN BODY 
WATER 


By THADDEUS 8. DANOWSKI 


(From the Department of Internal Medicine, Yale University 
School of Medicine, New Haven) 


(Received for publication, October 21, 1943) 


During a series of experiments in this laboratory on the effect of water 
and food deprivation in dogs,' the possible use of thiourea as an index 
of total body water was investigated. Mongrel female dogs, 6 to 10 kilos 
in weight, were deprived entirely or partially of food or water, or both, for 
6 to 29 days. During these intervals the animals invariably lost weight. 
The loss of water which contributed to the total decrease in body weight 
was calculated from metabolic balance studies. These results were then 
compared with changes in the apparent volume of distribution of thiourea. 


Procedure 


At the beginning and end of each period of deprivation the volume of 
distribution of thiourea was determined in the following manner. The 
animals were catheterized and weighed accurately. Blood was withdrawn 
for the preparation of a control solution and for the determination of the 
non-protein nitrogen. The dogs were then injected intravenously, by 
means of a calibrated 10 cc. syringe, with 5.0 cc. of a 10 per cent solution of 
recrystallized thiourea in normal saline. After 2 hours another sample 
of blood was obtained, the catheterization repeated, and the bladder washed 
twice with 10 cc. of water. 

The concentration of thiourea in the ultrafiltrate of the serum and in the 
urine after 2 hours was determined by the method described in the preceding 
paper (1). The apparent volume of fluid through which the thiourea dif- 
fused was calculated from the usual formula 


Ti- T. 


V T, 


in which 7’ refers to thiourea, and the subscripts 7 and u indicate, respec- 
tively, the amount in mg. injected and excreted; s refers to the concentra- 


tion in serum in mg. per cent. 
This procedure yielded an apparent volume of distribution at the start 
and end of each period. In the deprivation experiments the weight decline 


! Danowski, T. 8., Elkinton, J. R., and Winkler, A. W., unpublished studies. 
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was fractionated by means of metabolic studies into water and solids lost. 
During the convalescent period, however, metabolic studies were not at- 
tempted, and hence the total weight gain rather than the change in body 
water itself was employed as an approximate check upon thiourea as a 
measure of body water. 


Results 


Control Studies—Table I lists the results of ten thiourea distribution 
studies in four dogs. Six of these consist of two groups of three studies 
each in the same dogs, Nos. 36 and 37. The interval between studies 
varied from 3 to 9 days. During these periods the animals were fed ade- 
quately and offered water in sufficient amounts. Their weights, accurately 
determined at the time of the distribution studies, changed slightly from 
time to time. It is evident, however, that even these slight fluctuations 
in weight were reflected by a change in the apparent volume through which 
thiourea was distributed. 

Studies of Change in Total Water—In Table II the results of twenty-three 
distribution studies in six dogs are recorded, with the successive changes | 
in the apparent volume of distribution of thiourea. In eleven instances 
the fraction of the total weight loss due to a decrease in body water has been 
calculated from metabolic studies according to Lavietes’ modification (2) 
of Newburgh’s method (3) as used by Elkinton and Taffel (4) in dog studies. 
In each of these eleven pairs the algebraic sign of the change in the volume 
of water is the same, and a close quantitative correlation is evident. The 
results by the two methods do not differ from one another by more than 
4 per cent of the animal’s weight. In three instances they do not differ 
by more than 1 per cent. 

Recovery of Thiourea—Four attempts were made to recover the thiourea 
injected (Table I). Analyses were made of the urine and the wash fluid 
from the bladder obtained after 2 hours, and of the urine collected during 
the next 3 days in a metabolism cage. The recovery of the injected thiourea 
varied from 50 to 82 per cent. Analysis of the fluid with which the floor 
of the metabolism cage was rinsed added but 5 to 8 mg. to the amount recov- 
ered. Analyses of pooled urine coincided with the results of examinations 
of separate daily specimens. Prolongation of the urine collection through 
the 9th day did not increase the percentage recovered. The stools were 
not analyzed for thiourea. 

Toxicity of Thiourea—Nicolas and Lebduska (5) reported that 10 gm. 
of thiourea per kilo of body weight were fatal to dogs within 4 hours. 
Intravascular hemolysis occurred, and the animals died of respiratory 
failure following convulsions. Hemorrhages were present in the intestinal 
wall at autopsy. The intravenous solutions which they administered, 
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Tasie I 


Apparent Volume of Distribution of Thiourea 
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Weight | A weight | volume of _ body 
| distribetion de Thioures | Metabolic 

he. | ke. | liters | | liters | liters 
9.94 | | ve) WY 

8.12 | —1.82| 6.32 78 «=| —1.20 | —1.35 
7.62 | | 6.52 85 | | 

6.34 | —1.28| 65.42 8 | —1.10| —1.04 
|7.54/+1.20) 5.95 79 «=| +0.53 | 

6.00 | —1.54| 4.63 77 | —1.32 | —1.10 
7.06 | +1.06| 5.30 75 =| +0.67 

5.52 | -1.54} 4.17 | 75 | —1.13 |'—0.99 
| 6.76 | | 4.96 | 7 | 

5.40 | —-1.36| 3.71 | 69 —1.25 | —1.06 
7.74 | 5.50 | 71 | 

6.27 | —1.47/| 4.08 65 | —1.42 | —1.35 
7.26 | +0.99 4.78 66 | +0.70 

6.12} —1.14| 4.16 68 | —0.62 | —0.88 
6.73 | +0.61 | 4.74 70 «=| +0.58 

5.98 | —0.75| 4.16 | 70 | —0.58 | —0.57 
6.70 | +0.72 | 5.12 | 76 +0.96 
| 7.30 | | 5.58 | 76 
| 5.86 | —1.44) 4.65 | 79 | —0.93 | —1.04 
6.96/+1.10| 5.98 | 86 | 41.33 | 

5.70 | —1.26 | 4.80 84 —1.18 | —1.07 
7.92 | | 6.31 | 80 | 
(6.72) -1.20| 5.19 | 7 —1.12 | —1.08 
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*The plus and minus signs indicate increases and decreases respectively. 
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however, were large in volume and not isotonic. It is likely that the death 
of the animals resulted from the injection of large amounts of fluid con- 
taining no salt, whose hemolytic effects on red blood cells would be identical 
with those of distilled water. Hence, it is not certain that even these huge 
amounts are harmful. 

In these studies 5.0 cc. injections of a 10 per cent solution of thiourea in 
normal saline were used for a total dose of 0.500 gm. Occasional transient 
subdued behavior was observed following thiourea. Dog 36, however, 
invariably vomited after injection. Four animals died as a result of the 
deprivation of food and water. All had received thiourea within the pre- 
ceding 24 hours. Postmortem examination revealed no gross changes in 
the tissues save for the presence of dehydration. 


DISCUSSION 


It is immediately apparent that thiourea seems to be distributed in some 
instances through a volume greater than that ordinarily assigned to the 
water in the body. This could be predicted from early observations not 
reported at this time. In those studies the volume of distribution was 
determined at intervals following a single injection. It was found that the 
apparent volume of distribution increased with time. A 2 hour period was 
selected as an easily reproducible interval for this comparative study when 
it was evident that, no matter what the interval used, a total volume of 
body water approximating 70 per cent could not be obtained consistently. 

Though these distributions do not always fall within the range of the 
assumed physiological values, the control studies listed in Table I prove 
them to be quite constant. Slight variations in the weight of the dogs were 
reflected in a comparable change in the volume of distribution, both with 
respect to direction and order of magnitude. In eleven of the studies 
listed in Table IT the change in body water was calculated both from meta- 
bolic balance studies and from changes in the apparent volume of dis- 
tribution of thiourea. A close agreement is present in the results obtained 
by both procedures. Hence thiourea can be used to give evidence of a 
change in body water as an alternative method to the laborious metaboli¢ 
studies. 

It is possible that the high volumes of distribution are in some way related 
to the incomplete recovery of the injected material. Since thiourea is 
still present in the urine during the 3rd day, an active participation of 
thiourea in body metabolism does not seem likely. Yet there remains the 
possibility of a slow rate of metabolic activity with destruction of thiourea. 

It is conceivable that thiourea enters some particular water compart- 
ment or is bound to some tissue in concentrations greater than its distribu- 
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tion throughout the rest of the body. Attempts to demonstrate this have 
been unsuccessful. The gradual release of such bound thiourea with sub- 
sequent excretion in the urine has not been detected. At no time has 
thiourea been found in the urine beyond the 3rd day following injection. 
It is possible that the thiourea, if bound, is released so slowly that it is lost 
during the process of dilution. Since the error of the method is 0.1 mg. 
per cent, dilution of the urine 1 part in 50 might well mask as much as 5 mg. 
per cent of thiourea. Attempts to circumvent this difficulty by analysis 
of the undiluted urine have been blocked by the variability in the value of 
the blank. 

The question whether the tissue or compartment with the greater avidity 
for thiourea, if such there be, could become saturated by an initial injection 
of thiourea can be answered in part from the control studies in Table I. 
If saturation were produced by the initial injection, one would expect an 
increase in the second 2 hour level of thiourea, with a subsequent more 
complete recovery. ‘This in turn ought to yield a volume of distribution 
approaching the theoretical body water. Thus far, however, only an in- 
creased recovery has been demonstrated without a marked change in the 
volume of distribution. 

Use of the recovered rather than the injected amount of thiourea in the 
calculation of the volume of distribution does not yield consistently a per- 
centage approximating 70 per cent of the body weight. 

It would appear, hence, that a change in the apparent volume of distribu- 
tion of thiourea can be used as an index of a change in the total water in the 
body of adog. Occasional high volumes of distribution, however, preclude 
its use as a measure of the absolute amount of body water present. 


SUMMARY 


The volume of fluid through which injected thiourea appears to be dis- 
tributed in dogs was determined in ten control studies and in twenty-three 
experiments during which the body weight and water changed. In eleven 
instances the change in the apparent volume of distribution was compared 
with the decrease in body water as determined by metabolic studies. 
Possible explanations for high volumes of distribution and for incomplete 
recoveries of thiourea are discussed. 

1. Injected thiourea is distributed through a volume of fluid which either 
approximates or exceeds that assigned ordinarily to the total body water. 

2. This volume is constant, provided the time allowed for diffusion is 
the same in duplicate studies. 

3. A change in this volume is indicative of a change in the total volume 
of body water. 
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4. Measurement of a change in total water by studies of thiourea dis- 
tribution agrees, within 4 per cent of the animal’s body weight, with that 
obtained by metabolic calculation. 
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CRITICAL FACTORS IN THE RECOVERY OXYGEN 
CONSUMPTION OF RAT LIVER SLICES 
FOLLOWING ANOXIA IN VITRO* 


Sirs: 


Craig' recently reported that the oxygen consumption of liver slices fol- 
lowing exposure to nitrogen in vitro was higher if the livers were taken from 
fed animals than if the rats had been fasted. Fasting also diminished the 
lactic acid output during the period of anoxia. The differences between 
fed and fasted animals may be due to the glycogen content of the liver, 
which has been suggested as a factor determining the rate of anaerobic 
glycolysis.” 

The failure of liver slices from fasted animals to utilize glucose present 
in the medium during anaerobiosis suggests either irreversible damage to 
enzyme systems in the cells or the absence of some factor essential for glu- 
cose catabolism. There is evidence that potassium is essential for certain 
stages of carbohydrate metabolism. Glycogen is deposited in the liver 
together with potassium and water.‘ Jn vitro, synthesis of glycogen from 
glucose by rat liver slices is most rapid in an “intracellular” medium con- 
taining high potassium concentration,® and potassium is essential for carbo- 
hydrate synthesis in yeast.6 We have tested the influence of electrolyte 
composition of the medium on the recovery QO, following anoxia, using 
liver slices from fasted rats. 

The experimental procedure was essentially that used by Craig. The 
Ringer-phosphate-glucose medium contained NaCl 0.12 m, KCl 0.0024 m, 
CaCl, 0.0017 m, MgCl, 0.0008 m, Na,HPO, 0.017 m, NaH,PO, 0.003 m, 
glucose 0.011 m. The “intracellular” medium contained K;,HPO, 0.054 m, 
KH,PO, 0.013 mu, MgHPO, 0.0085 m, MgSO, 0.01 m, glucose 0.011 m. 
The mean liver glycogen for all animals used, determined after a 24 hour 


fast, was 0.08 per cent. 


* Supported by grants from the John and Mary R. Markle Foundation and the 
Fluid Research Fund of Stanford University Medical School. 

‘Craig, F. N., J. Biol. Chem., 150, 209 (1943). 

*Orr, J. W., and Stickland, L. H., Biochem. J., 35, 479 (1941). 

*Fenn, W. O., Physiol. Rev., 20, 377 (1940). 

‘Fenn, W. O., J. Biol. Chem., 128, 297 (1939). 

' Hastings, A. B., Harvey Lectures, 36, 91 (1940-41). 

* Pulver, R., and Verzér, F., Helv. chim. acta, 23, 1087 (1940). 
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It is shown in the table that after 70 minutes exposure to nitrogen 
subsequent QO, is greater in “intracellular” medium than in Ringer 


solution, calculated either on an absolute or percentage basis. Lg 
acid production during 1 hour’s exposure to nitrogen was 1.6 mg. per gm, 
in Ringer’s solution and 5.0 mg. per gm. in “‘intracellular’’ medium (mean 
values of duplicate determinations on three rats). 


————————_ 


Oxygen consumption, c.mm. per mg. initial dry 
weight per hr. 








| Ringer-phosphate-glucose **Intracellular’’-glucose 





Initial QO, 8.68 + 0.18* 
QO, after 70 min. exposure to N2 | 1.62 + 0.14 
Per cent recovery of QOz..............| 18.6 





* In each case, means and standard errors of the means for six rats. 


It seems probable that in Ringer’s solution the low QO, after anoxia of 
liver slices from fasted rats is due to the low glycogen content of the liver, 
and the inability of liver slices to utilize added glucose during the period of © 
anoxia. The higher recovery QO, following anoxia and the higher lactie 
acid output during anaerobiosis, obtained in an “intracellular”? medium, 
suggest that in the presence of larger amounts of potassium added glucose 
is made available for energy-yielding reactions essential to the cell during 


anaerobiosis. 


Department of Physiology FREDERICK A. FUHRMAN | 
Stanford University J. M. Crismon 
California 


Received for publication, December 17, 1943 








f 
4 





